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SUMMARY

An investigation has been conducted at static conditions (wind off) in the
static-test facility of the Langley 16-foot transonic tunnel. The effects of
several geometric parameters on the internal performance of nonaxisymmetric
convergent-divergent, single-ramp expansion, and wedge nozzles were investi-
gated at nozzle pressure ratios up to approximately 10. In addition, two dif-
ferent thrust-vectoring schemes were investigated with the wedge nozzle.

The results of this investigation indicate that as with conventional
round nozzles, peak nonaxisymmetric-nozzle internal per formance occurs near
the nozzle pressure ratio required for fully expanded exhaust flow. Nozzle
sidewall length or area generally had little effect on the internal performance
of the nozzles investigated. Cutting the sidewalls back from the exit plane on
the nonaxisymmetric convergent-divergent nozzles helped to alleviate problems
associated with unsymmetric internal flow separation on the divergent flap sur-
faces for overexpanded flow conditions.

INTRODUCTION

Since the advent of the turbojet engine, exhaust nozzles have tradition-
ally been circular in cross section to facilitate integration with the engine.
Extensive development of the "round" nozzle concept has resulted in structur-
ally and thermally efficient exhaust systems with high internal performance.
However , experimental investigations (refs. 1 to 3) on current, twin-engine
fighter aircraft have shown that sizable airplane performance penalties are
assocliated with the installation of the exhaust system into the airframe.

Most of the external installation penalty, for multiengine aircraft, probably
results from the integration of "round" nozzles into a "rectangular" afterbody.
(See ref. 4.) These configurations inherently have boattailed "gutter" inter-
fairings or base regions on the afterbody.

Recent studies on twin-engine fighter airplanes (refs. 5 to 13) have iden-
tified potential benefits for a new nozzle concept, the nonaxisymmetric or two-
dimensional nozzle. This unique nozzle concept is geometrically amenable to
improved capability in the areas of improved integration for installed drag
reduction; thrust vectoring for maneuver enhancement and short-field take-off
and landing; and thrust reversing for improved agility, ground handling, and
reduced landing ground roll. Development of the nonaxisymmetric nozzle has
concentrated primarily on three nozzle types, the convergent-divergent
(refs. 7, 10 to 12, and 14), single-ramp expansion (refs. 8 and 13 to 18),
and wedge (refs. 4, 7, 10 to 12, 14, and 19 to 24). Most of the experimental
investigations conducted on these three nozzle types have concentrated on quan-
tifying the uninstalled and installed performance of specific nozzle designs
at various nozzle power settings during cruise, vectored thrust, and reverse-
thrust operating modes. Currently, little effort has been expended on provid-
ing parametric data on nozzle internal design geometric variables which could



lead to improved nonaxisymmetric nozzle designs with higher per formance and/or
lower structural weight. One of the obvious geometry design parameters, which
is unique to nonaxisymmetric nozzles and requires design consideration, is noz-
zle sidewall geometry. If nozzle sidewall area could be decreased without sub-
stantial loss in performance, nozzle structural weight and nozzle cooling
requirements could probably be reduced. In addition, utilization of a simple
wedge flap for providing a thrust-vectoring capability could reduce weight from
vectoring schemes currently under consideration for wedge-type nozzles.

This paper presents the internal per formance of three different nonaxisym-
metric nozzle types, namely, convergent-divergent, single-ramp expansion, and
wedge. The effects on internal per formance of nozzle sidewall geometry are
presented for all three types of nozzles. In addition, for the convergent-
divergent type nozzle, the effects on internal performance of varying divergent
flap length, divergence angle, and expansion ratio are presented. For the
wedge-type nozzle, the effects on internal performance of varying external flap
length (external expansion ratio) and vectoring scheme are presented. This
investigation was conducted in the static-test facility of the Langley 16-foot
transonic tunnel at a Mach number of 0 and at nozzle pressure ratios up to
approximately 10.

SYMBOLS

All forces (with the exception of resultant gross thrust) and angles are
referred to the model centerline (body axis). A detailed discussion of the
data-reduction and calibration procedures as well as definitions of forces,
angles, and propulsion relationships used herein can be found in reference 14.

Wt
AR nozzle-throat aspect ratio, —
he
Ag nozzle-exit area, cm?2
Ae,e external exit area for fully expanded flow (exit area at end of
external exhaust flow expansion), cm?2
Ae,l internal exit area (exit area at end of internal exhaust flow
expansion), cm?
A¢ nozzle-throat area, cm?
F measured thrust along body axis, N
Y-1
2y -
— Po \ ¥
F; ideal isentropic gross thrust, Wp RTt'jY'.| 1 - | —— , N

Pt,j
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resultant gross thrust, VFZ + Nz, N
nozzle-exit height, cm

nozzle-~throat height, cm

wedge height, cm

measured normal force, N

local static pressure, Pa

jet total pressure, Pa

ambient pressure, Pa

gas constant (for Yy = 1.3997), 287.3 J/kg-K
jet total temperature, K

ideal mass-flow rate, kg/sec
measured mass-flow rate, kg/sec
nozzle~throat width, 10.157 cm

axial distance measured from nozzle connect station, positive
downstream, cm

length from nozzle connect station to nozzle-exit station, cm

length from nozzle connect station to hinge of wedge vector flap, cm
length from nozzle connect station to end of nozzle sidewall, cm
length from nozzle connect station to nozzle-throat station, cm

lateral distance measured from model centerline, positive to left
looking upstream, cm

vertical distance measured from model centerline, positive up, cm
ratio of specific heats, 1.3997 for air

divergence angle of nozzle divergent flap, deg
] N
resultant thrust vector angle, tan™' —, deg
F

geometric vector angle measured from horizontal reference line, deg



Subscripts:

d design point
e external

i internal

1 lower

max maximum

u upper

Configuration designations:
2-D C-D two-dimensional convergent-divergent nozzles
cCl. . .C13 convergent-divergent nozzles

SR1. . .SR5 single-ramp expansion nozzles

wi. . W4 wedge nozzles
G gimbaled
v vectored
F forward flap

APPARATUS AND METHODS
Static-Test Facility

This investigation was conducted in the static-test facility of the
Langley 16-foot transonic tunnel. Testing is accomplished in a room with a
high ceiling where the jet exhausts to atmosphere through a large open door-
way. The control room is remotely located from the test area, and a closed-
circuit television camera is used to observe the model. This facility utilizes
the same clean, dry-air supply as that used in the 16-foot transonic tunnel and
a similar air-control system - including valving, filters, and a heat exchanger
(to operate the jet flow at constant stagnation temperature). Data are recorded
on a 96-channel, magnetic-tape data-acquisition system.

Single-Engine Propulsion Simulation System
A sketch of the single-engine air-powered nacelle model on which various
nozzles were mounted is presented in figure 1 with a typical nozzle configura-

tion attached. The body shell forward of station 52.07 was removed for this
investigation.
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An external high-pressure air system provided a continuous flow of clean,
dry air at a controlled temperature of about 300 K. This high-pressure air was
varied up to approximately 10 atm (1 atm = 101.3 kPa) and was brought through
the dolly-mounted support strut by six tubes which connect to a high-pressure
plenum chamber. As shown in figure 1, the air was then discharged perpendicu-
larly into the model low-pressure plenum through eight multiholed sonic nozzles
equally spaced around the high-pressure plenum. This method was designed to
minimize any forces imposed by the transfer of axial momentum as the air is
passed from the nonmetric high-pressure plenum to the metric (mounted to the
force balance) low-pressure plenum. Two flexible metal bellows are used as
seals and serve to compensate for axial forces caused by pressurization.

The air was then passed from the model low-pressure plenum (circular in
cross section) through a transition choke plate and instrumentation section
which were common for all nonaxisymmetric nozzles investigated. The transition
section provided a smooth flow path for the airflow from the round low-pressure
plenum to the rectangular choke plate and instrumentation section. The instru-
mentation section had a flow path width-height ratio of 1.437 and was identical
in geometry to the nozzle airflow entrance. All nozzle configurations were
attached to the instrumentation section at model station 104.47.

Nozzle Design

Three different nonaxisymmetric nozzle concepts were investigated for the
current study, namely, convergent-divergent, single-ramp expansion, and wedge.
Sketches and photographs of the nozzle configurations are shown in figures 2,
3, and 4 for the convergent-divergent, single-ramp expansion, and wedge nozzle
concepts, respectively. Parametric geometry changes were obtained by use of
interchangeable upper and lower nozzle flaps and sidewalls. All nozzles had a
constant exhaust flow path width of 10.157 cm.

For the convergent-divergent nozzle concept (see fig. 2), parametric geom—
etry variations were made to determine the effects of expansion ratio, diver-
gence angle, divergent flap length, and sidewall length on internal performance.
With the exception of configurations C7 and C8 (see fig. 2(c)), the sidewall
geometries investigated represent fixed sidewalls which would probably result
in external fences for variable-geometry nozzles operating at low expansion
ratios on an actual aircraft. Configuration C7 represents a fixed sidewall
which would not result in external fences when installed on an aircraft but
which would result in venting the sidewalls along the divergent flaps during
engine operation at high expansion ratios. Configuration C8 represents a
variable-geometry sidewall concept where the sidewall is split along the model
centerline and each sidewall half is attached rigidly to the nozzle divergent
flaps. Thus, as nozzle expansion ratio is increased from low to high values,
the sidewall opens in a scissorlike manner to vent the centerline area of the
sidewall.

For the single-ramp expansion nozzle concept (see fig. 3), only sidewall
geometry effects were investigated. All sidewall geometries for this nozzle
concept represent fixed geometry designs.



Parametric geometry variations for the wedge nozzle concept (see fig. 4)
were made to determine the effects of external expansion ratio, sidewall length,
and vectored thrust operation on internal performance. All wedge nozzle config-
urations utilized the same centerbody wedge. Two different vector schemes were
investigated. Configuration W4(G20) (see fig. 4(c)) represents a vector scheme
in which a gimbal mechanism is inserted into the engine tailpipe ahead of the
nozzle. This vector scheme incorporates a subsonic flow-turning process to
achieve the desired thrust vector angle. All other vectored configurations
(see figs. 4(a) and 4(b)) represent a vector scheme in which a simple flap is
deflected into the exhaust flow on the wedge lower surface. This vector scheme
incorporates a forced deflection of the flow on the wedge lower surface only.
The effects of vector angle and vector flap location were investigated.

Instrumentation

A three-component strain-gage balance was used to measure the forces and
moments on the model downstream of station 52.07 cm. (See fig. 1.) Jet total
pressure was measured at a fixed station in the instrumentation section (see
fig. 1) by means of a four-probe rake through the upper surface, a three-probe
rake through the side, and a three-probe rake through the corner. A thermo-
couple, also located in the instrumentation section, was used to measure Jjet
total temperature. An electronic turbine flowmeter was used to measure the
mass flow of the high-pressure air in the supply line.

With the exception of several pressure tubes taped to the upper and lower
flaps during the first several data runs, the model contained no external pres-
sure instrumentation. Internal static-pressure orifices were located on the
nozzle divergent flaps and sidewalls and also on the wedge upper and lower sur-
faces. The locations of these orifices are given in the appendix.

Data Reduction

All data were recorded simultaneously on magnetic tape. Approximately
11 frames of data, taken at a rate of 2 frames per second, were used for each
data point; average values were used in computations. Data were recorded in an
ascending order of Pt, 5 with several repeat points being recorded as Pt, j
was decreased from the maximum value obtained. With the exception of resultant
gross thrust F,, all force data in this report are referenced to the model

center line.

The basic per formance parameter used for the presentation of results is
the internal thrust ratio F/Fj, which is the ratio of the actual nozzle thrust
(along the body axis) to the ideal nozzle thrust. Actual nozzle thrust was
obtained from the balance axial-force measurement corrected for weight tares
and balance interactions. Although the bellows arrangement was designed to
eliminate pressure and momentum interactions with the balance, small bellows
tares on axial, normal, and pitch balance components still exist. These tares
result from a small pressure difference between the ends of the bellows when
internal velocities are high and also small differences in the forward and aft
bellows spring constants when the bellows are pressurized. As discussed in
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reference 15, these bellows tares were determined by running calibration noz-
zles with known performance over a range of expected normal forces and pitching
moments. The balance data were then corrected in a manner similar to that dis-
cussed in reference 14. During the first several data runs, external nozzle
pressures were measured on the nozzle upper and lower flaps to determine
whether a correction would be required for a "suck down" effect of the jet on
external surfaces. Negligible effects of the jet on external pressures were
found and no correction was applied to the data.

RESULTS AND DISCUSSION
Basic Data

Basic data for the nonaxisymmetric convergent-divergent, single-ramp
expansion, and wedge nozzle concepts are presented in figures 5, 6, and 7,
respectively. Nozzle internal thrust ratio F/F;, resultant thrust ratio
F./F;i, and discharge coefficient wp/wi are presented as a function of nozzle
pressure ratio Pt,j/Pm for each configuration investigated. These basic data
are used for the comparisons shown in later sections of this paper. Resultant
thrust ratios, shown by the dashed lines in figures 6 and 7, are essentially
equal to internal thrust ratio F/F;, except for those configurations which are
unsymmetric above and below the model centerline (single-ramp expansion and
vectored-wedge configurations). Significant differences between internal
thrust ratio and resultant thrust ratio occur for the unsymmetric configura-
tions, since the jet-exhaust flow is turned from the axial direction.

For the nonaxisymmetric convergent-divergent and single-~ramp expansion
nozzles operating at nozzle pressure ratios greater than about 2.0, the mea-
sured values of discharge coefficient wp/wi are less than 1.0 and are rela-
tively independent of nozzle pressure ratio. Discharge coefficients less than
1.0 are caused by viscous effects which reduce the amount of flow passing
through the throat because of momentum and vena contracta losses. The sonic
flow area is, therefore, proportionately less than the geometric throat area
Ay by the ratio of measured mass flow to ideal mass flow wp/wj. At nozzle
pressure ratios less than about 2.0, values of discharge coefficient greater
than 1.0 may be noted for all nozzles investigated. When a convergent-
divergent nozzle is choked but at a nozzle pressure ratio less than about
1.9, the Mach number at the throat is 1.0 and the mass flow remains at its
peak value. However, the denominator of discharge coefficient is the ideal
mass flow of a convergent nozzle having the same throat area. Since a conver-
gent nozzle may be unchoked at these conditions, its mass flow has decreased
from the peak value. This decrease in the denominator results in an increase
in discharge coefficient and its values may exceed 1.0. This condition does
not reflect a physically impossible situation but is a direct result of the
definition used for discharge coefficient. For the wedge nozzles, an increas-
ing discharge coefficient with nozzle pressure ratio was measured with values
greater than 1.0 being obtained at the highest nozzle pressure ratios. The
variation of discharge coefficient with nozzle pressure ratio probably indi-
cates a movement of the actual sonic throat location and area as nozzle pres-
sure ratio varied.



Resultant Thrust Vector Angles

Measured resultant thrust vector angles 6static are presented in fig-
ures 8 to 10 as a function of nozzle pressure ratio for the nonaxisymmetric
convergent-divergent, single-ramp expansion, and wedge nozzle concepts,
respectively. .

Since nonaxisymmetric nozzles generally have large flat divergent walls
in the nozzle pitch plane, the possibility exists that unsymmetrical internal
flow separation will cause unwanted thrust vector angles at certain conditions.
Unlike conventional round nozzles, which tend to average out unsymmetric inter-
nal flow separation about the pitch and yaw axis, nonaxisymmetric nozzles would
tend to act as fluidic valves and produce forces in the pitch plane, since that
is the plane in which the flow is being expanded. 1In addition, the direction
of force would be dependent upon which divergent flap (upper or lower) the flow
separation occurred on. This phenomenon can be readily observed by examination
of the measured resultant thrust vector angles for nonaxisymmetric convergent-
divergent (2-D C-D) nozzles shown in figure 8. At nozzle pressure ratios
greater than 3.0, small resultant thrust vector angles (less than 1°) were mea-
sured and were nearly independent of nozzle pressure ratio. The small negative
angles measured probably result from model misalignment during assembly and/or
construction. Resultant thrust vector angles of this magnitude would have neg-
ligible effects (less than 0.02 percent) on internal per formance. However, at
typical take-off and landing conditions (low speed, Pt,j/Pm < 3.0), where air-
craft control is critical and the current data are most applicable, large vari-
ations of resultant thrust vector angle (from -8° to 9°) were measured. In
addition, the magnitude of the resultant thrust vector angle and its variation
with nozzle pressure ratio were unpredictable (i.e., not repeatable). Unpre-
dictable resultant thrust vector angles of this magnitude could cause severe
aircraft control problems during take-off and landing. The magnitude of the
resultant thrust vector angles, for Pt,j/Rm < 3.0, tended to increase with
increasing nozzle divergent flap length and/or increasing nozzle flap diver-
gence angle. (See fig. 8(a).) Fortunately, high divergence angles and long
divergent flaps are generally associated with high-expansion-ratio nozzles
(exemplified by configurations C4, C9, C10, and C12) which are designed to
operate at transonic and supersonic speeds at nozzle pressure ratios greater
than 3.0. At take-off and landing conditions (low Pt,j/Rw)' modern variable-
geometry nozzles are closed down to operate at low expansion ratios and there-
fore have low nozzle flap divergence angles and/or short divergent flap lengths
(exemplified by configurations C1 and C11). Thus, at take-off and landing
conditions, the severity of the problem is not as great as it was initially
thought to be. 1In addition, a potential solution to the internal flow separa-
tion problem is suggested by the results shown in figure 8(b). These results
indicate that venting the nozzle sidewalls, either by wall truncation or by
providing longitudinal slots, significantly reduces the magnitude of the mea-
sured resultant thrust vector angles for Pt,j/Pm < 3.0. Of course, the effect
of venting the nozzle sidewalls on nozzle internal per formance, if any, must
also be considered.

Measured resultant thrust vector angles for the single-ramp expansion noz-

zles are presented in figure 9 and, as expected, exhibit large nonlinear varia-
tions with nozzle pressure ratio. A resultant thrust vector angle of zero
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would be expected only at nozzle pressure ratios near design (fully expanded
flow). Similar results are reported in reference 25 for a similar nozzle
design. These trends are caused by changing wave patterns impinging upon the
expansion ramp as the nozzle pressure ratio varies. At nozzle pressure ratios
greater or less than approximately 7.0, an axial-force performance penalty
would be associated with the nonzero values of measured resultant thrust vec-
tor angles, since the thrust is turned away from the axial direction. The mag-
nitude of this penalty can be assessed by comparing internal thrust ratio with
the resultant thrust ratio shown in figure 6 for the single-ramp expansion noz-
zles. At a nozzle pressure ratio of 4.15, for example, resultant thrust vector
angles ranging from -5.5° to -8.7° (see fig. 9) cause from 0.5 to 1.2 percent
loss of axial thrust. These data suggest a need for integration of a variable
nozzle expansion ramp with an onboard flight computer to eliminate unwanted
resultant thrust vector angles. Of course, airplane trim drag and nozzle
external drag would also have to be considered in the computer logic.

The effect of nozzle sidewall containment is also addressed by figure 9,
and as with the 2-D C-D nozzles, reducing the amount of sidewall containment
on single-ramp expansion nozzles tends to reduce the variation of resultant
thrust vector angle with nozzle pressure ratio.

Figure 10 presents measured resultant thrust vector angles for the wedge
nozzle configurations. 1In general, nozzle external expansion ratio (As/At)e
and nozzle sidewall length had no effect on the resultant thrust vector angles.
An unrepeatable variation of +2° was found near Pt,j/Rn = 8.5 for both
(Ag/Ap)e = 2.982 (long external flap) configurations; this variation may
result from asymmetric shock-induced separation on the wedge.

Jet-exhaust flow-turning capability of a simple hinged flap on the wedge
lower surface is shown in figures 10(b) to 10(e). Large variations in resul-
tant thrust vector angle occur with increasing nozzle pressure ratio for all
these configurations. These variations probably result from the changing wave
patterns in the supersonic exhaust stream as jet total pressure is varied. The
results indicate that a simple hinged flap is an effective flow-turning device
for small vector angles (approximately 5°) but rapidly loses its effectiveness
as flap angle is increased. For example, with the vector flap angle of 5°
(§y = 59), the values of measured resultant thrust vector angle were generally
greater than 5°; however, with &, = 20°, the measured O8gparic Vvalues were
always less than 20°.

The turning capability of a gimbal vectoring scheme is compared with the
simple flap vectoring scheme at §,, = 20° in figure 10(f). As expected, since
flow turning is accomplished in subsonic flow ahead of the nozzle throat, the
gimbal vectoring scheme is a very effective flow-turning device; measured
resultant thrust vector angle Gstatic generally varied less than 19 about the
geometric design vector angle of 20°. 1In addition, the gimbal scheme has much
greater flow-turning capability than a simple flap scheme at high vector angles.
It should be noted, however, that the gimbal vectoring scheme may have a large
detrimental effect on aircraft aerodynamics during wind-on operation. Results
presented in reference 25 on a similar gimbal vectoring scheme installed with a
conventional round nozzle show large increases in external drag during wind-on
vectored operation.



Internal Static-Pressure Distributions

Internal static-pressure data are presented in tabulated form in the
appendix. Typical internal static-pressure distributions for each nonaxi-
symmetric nozzle type investigated are presented in figures 11 to 14. 1In
general, the measured internal static-pressure distributions are similar to
those measured in conventional round nozzles (ref. 26). For /P, < 5.0,
for example, the static-pressure distributions on the divergent fiap of the
2-D C-D nozzle (see fig. 11) show a typical sudden pressure rise across the
exhaust-flow normal shock; this is generally followed by a plateau pressure
indicating shock-induced flow separation from the wall.

Figures 12 and 13 show that the effect of venting the nozzle sidewalls
is confined to a region close to the sidewall. Thus, one might expect little
effect of venting the sidewalls on the nozzle internal performance at static
conditions. As expected, since flow turning occurs upstream of the nozzle
throat, the effect of gimbaled vectoring on the wedge internal static-pressure
distributions (see fig. 14) is negligible. This fact leads one to expect
little effect of gimbal thrust vectoring on wedge nozzle internal performance.

Internal Performance Compar isons

Nonaxisymmetric convergent-divergent nozzles.- The effect of several noz-
zle geometrlc design parameters on internal performance of 2-D C-D nozzles is
presented in figures 15 to 17. The effects of nozzle expansion ratio Ag/At,
divergence angle p, and divergent flap length on internal performance are
shown in figure 15. Comparison of parts (a) and (b) with part (c¢) of figure 15
shows that the major impact on performance is caused by nozzle expansion ratio.
For > 4.0, divergence angle and divergent flap length had little
effect (iess than 1 percent) on internal performance. (See fig. 15(c).) At
lower nozzle pressure ratios, divergence angle and flap length affect the
internal flow separation characteristics and larger effects on internal perfor-
mance are observed. The effect of expansion ratio on 2-D C-D nozzle internal
performance is similar to that which would be obtained on conventional round
nozzles. Peak performance is obtained near the nozzle pressure ratio required
for fully expanded exhaust flow. Values of the nozzle pressure ratio required
for fully expanded flow (p¢, /Pm)d are listed in table I for all expansion
ratios investigated for each type nonaxisymmetric nozzle. The three configura-
tions shown in fiqure 15(a) are representative of a single, variable-geometry
(hinged flap) nozzle operating at a fixed engine power setting (constant Ag).
The variable expansion ratio range (1.089 to 1.797) has a corresponding
(Pt,j/Poo)d range from 2.97 to 8.79, which, for a typical turbofan engine,
corresponds to an operating flight Mach number range from 0.3 to 1.6. (See
ref. 21.) Since expansion ratio would be continuously variable, nozzle inter-
nal performance can be estimated for this Mach range by fairing a line through
the peak performance points for each nozzle expansion ratio investigated. For
the postulated nozzle under consideration (see fig. 15(a)), this procedure
results in excellent nozzle internal performance (F/F; = 0.987 to 0.996)
throughout a Mach number range from 0.3 to 1.6. These results are almost
identical to those one would expect to obtain with conventional round nozzles
with the same range of variable expansion ratio.
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TABLE I.- NOZZLE PRESSURE RATIOS FOR FULLY EXPANDED FLOW

(a) Nonaxisymmetric convergent-divergent nozzles

Ao/A¢ (P, §/Po)d
1. 089 2.97
1.248 4.25
1.397 5. 41
1.797 8.79

(b) Nonaxisymmetric single-ramp expansion nozzles

Ao/A¢ (Pt,4§/Px)d
1.236 4.19
1.529 5.99

(c) Nonaxisymmetric wedge nozzles

Ao/A¢ (Pt, 3/Pw) @
1.220 4,01
2.980 20.90
3.810 31.12

Figure 16 presents the effect of sidewall length on 2-D C-D nozzle inter-
nal performance. In general, cutting the nozzle sidewalls back from the exit
plane (thus reducing the weight and cooling area) had little effect on nozzle
internal performance. It should be noted that these results were obtained at
wind-off conditions and that external flow interactions could affect internal
performance at forward speeds. Cutting the sidewall back approximately 40 to
50 percent resulted in internal per formance variations which were generally
within the balance accuracy (1/2 percent of Fj). Cutting the sidewall back
approximately 75 percent resulted in only a l1-percent internal performance loss
at high nozzle pressure ratios. (See fig. 16(b).)

Sidewall slots or vents had little or no effect on 2-D C-D nozzle internal
performance, as shown by figure 17.
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Single-ramp expansion mozzles.- The effect of sidewall geometry (side-
wall area) on the internal performance of a single-ramp expansion nozzle
is presented in figure 18. For these mozzles, the exhaust flow expansion
process occurs both internally and externally. Internal expansion occurs
from the throat up to the lower flap exit. External expansion occurs down-
stream of the lower flap exit and between fixed (expansion ramp) and free
(free stream/exhaust) upper and lower boundaries, respectively. Thus, inter-
nal performance is influenced by internal and external expansion ratios and is
generally characterized by two performance peaks. The first peak occurs near
the design pressure ratio corresponding to (Ap/A¢)j and is generally lower
than the second peak, which occurs near the design pressure ratio corresponding

to (Ag/At)e-

Reducing nozzle sidewall area on this type of nonaxisymmetric nozzle gen-
erally had a negligible effect on internal performance. A tendency to increase
performance at the first performance peak (configurations SR3 and SR5) and
decrease performance at high jet total-pressure ratios (configuration SR3) may
be noted. It should also be noted that nozzles with free-expansion boundaries
will be sensitive to external flow effects at forward speeds.

Wedge nozzles.- The effects of sidewall length and external expansion
ratio on wedge nozzle internal performance are presented in figure 19. The
wedge nozzles of this investigation have free-expansion boundaries downstream
of the flap exits similar to the single-ramp expansion nozzles discussed pre-
viously. However, the design nozzle pressure ratios (Pt,j/Pa)dr corresponding
to both external expansion ratios (Ag/A¢)e investigated, occur well beyond
the capability of the test facility used for the current investigation. There-
fore, the second performance peak, for the wedge nozzles investigated, is not
defined by the data shown in figure 19.

The wedge nozzle performance levels shown in figure 19 are 3 to 4 percent
below that measured for the 2-D C-D and single-ramp expansion nozzles. However,
peak performance was probably not reached because of the limited nozzle pressure
range. 1In addition, it is expected that external flow interactions will have
beneficial effects on internal performance. (See ref. 14.) The effect of
wedge nozzle sidewall length on internal performance was generally negligible
(less than 1/2 percent of Fi). For pt'j/p°° > 5.0, the low-external-expansion-
ratio wedge nozzles (W3 and W4) had significantly higher performance than the
high-external-expansion-ratio nozzles (W1 and W2) over the nozzle pressure
ratio range of the tests. One explanation for this result is that the second
performance peak for the low (Ag/At)e nozzles will probably occur at a lower
nozzle pressure ratio than that for the high (Ag/A¢)e nozzles.

Figure 20 presents the effect of vector flap angle on internal performance
of wedge nozzles. Flow-turning capabilities of the vector flap were discussed
in a previous section. As shown by figure 20, large internal performance
losses are associated with vectored operation, the losses generally increasing
with increasing vector flap angle. For a vector flap angle of 20°, losses up
to 6.5 percent of F; were measured. However, it should be noted that most
of the internal performance penalty shown in figure 20 results from turning
the resultant force vector away from the body axis (thrust being defined as
an axial force) and not from reductions in gross thrust magnitude (nozzle
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operating efficiency). Comparison of the resultant gross thrust ratios during
vectored operation with the unvectored internal thrust ratio (fig. 7) for each
wedge nozzle configuration inmdicates that the maximum gross thrust loss mea-
sured was 4 percent. (Compare parts (a) and (d) of fig. 7 at Pt,j/Rm = 4.0.)
For configurations W3 and W4, gross thrust losses due to vectoring were gener-
ally less than 2 percent of Fj, which is the criterion of reference 7 for
being acceptable performance.

Figure 21 presents the effect of external-expansion ratio on internal
performance of vectored thrust wedge nozzles utilizing a vector flap. At
Pt,j/Rw > 3.0, larger internal performance losses are incurred with the high-
external-expansion-ratio configuration than with the low-external-expansion-—
ratio configuration, probably because the low-external-expansion~ratio config-
uration operates closer to its design nozzle pressure ratio. Examination of
figure 7 shows that the high-expansion-ratio nozzle (W1) has higher resultant
gross thrust losses during vectored operation than the low-expansion-ratio noz-
zle (W3), as indicated previously.

The effect of sidewall length on the internal performance of vectored flap
wedge nozzles is shown in figure 22. In general, sidewall length had little
effect on either the unvectored or vectored nozzle internal performance. Fig-
ure 23 presents the effect of vector flap location on the internal performance
of vectored flap wedge nozzles. At values of Pt,j/Rw < 7.0, which are repre-
sentative of typical turbofan engines at subsonic Mach numbers, a forward vec-
tor flap location improved internal performance during vectored thrust opera-
tion. It should be noted however that because the wedge surface was curved,
geometric vector angle Gv decreased as the vector flap moved forward. Thus,
it was expected that the forward vector flap location (5V = 3.59 would produce
lower performance losses (gross thrust vector closer to body axis) than the aft
vector flap location (§,, = 59).

A comparison of vectored wedge nozzle performance using two different vec-
toring schemes for 6V = 20° is presented in figure 24. As shown, both vector
schemes produce large losses (4 to 7 percent) in internal thrust ratio during
vectored (Sv = 20°) operation. The vector flap scheme appears to be highly
competitive with the gimbal vector scheme for Pt,j/Rm < 6.0. However, care
should be exercised when using these data since the measured resultant thrust
vector angles for these two schemes (fig. 10(f)) were significantly different
for the same geometric vector angle. A better measure of vectoring scheme
merit for this case would be resultant gross thrust. (See figs. 7(n)
and 7(o).) PFor convenience, performance parameters for the vector flap,
gimbal, and unvectored nozzles are given in table II for several nozzle
pressure ratios. The [1 - cos (Sgratjc)] term indicates the loss in internal
thrust ratio F/F; which results from turning the gross thrust vector away
from the axial direction an amount equal to the measured resultant thrust vec-
tor angle Gstatic' For 6v = 209, the measured resultant thrust vector angle
for the vector flap configuration was approximately 14° as compared with
approximately 20° for the gimbal configuration. As discussed previously, the
gimbal vector scheme is a much more efficient flow-turning device than the vec-
tor flap scheme for vector angles greater than 5°. However, because of the
larger resultant thrust vector angles, the loss in internal thrust ratio F/Fj
resulting from turning the gross thrust vector away from the axial direction is

13



TABLE II.- PERFORMANCE COMPARISONS OF VECTORED AND UNVECTORED WEDGE NOZZLES

Configuration Configuration Configuration
w4 W4 (V20) W4 (G20)
Vector scheme . . . . . None Flap Gimbal

Pt,j/Pco e 4.0 6.0 2.0 4.0 6.0 2.0 4.0 6.0

Sstaticr €9 . . . . .|-0.6 [-0.8 |-0.8 |[14.5 [13.9 |15.3 [20.4 |20.2 |20.4
1 - cos (Sgpatic) » » +| O 0 0 0.032| 0.029| 0.036| 0.063| 0.062 0.063

F/F{ « « « « + « « o« «] 0.909| 0.959f 0.968| 0.843{ 0.923| 0.913| 0.848¢ 0.901| 0.915

Fp/Fi ¢« « ¢ ¢« o o « « +| 0.909) 0.959] 0.968| 0.874{ 0.951| 0.952| 0.905| 0.961 0.973

approximately double for the gimbal configuration as compared with that of the
vector flap configuration (6 percent as compared with 3 percent). Comparing
the resultant gross thrust ratios F./F; for the gimbal vectoring configura-
tion with the unvectored baseline configuration indicates that the total inter-
nal thrust ratio loss for the gimbal vectoring scheme results from the gross
thrust vector direction as opposed to a loss in gross thrust (or nozzle effi-
ciency). These data indicate that the gimbal scheme is a very efficient vec-
toring scheme in terms of flow-turning capability and nozzle efficiency. It
should be noted, however, that these data are for static (wind-off) conditions
and the gimbal vectoring scheme may have a large detrimental effect on aircraft
aerodynamics during wind-on operation. (See ref. 25.,) Comparison of the
resultant gross thrust ratios F,/F; for the vector flap configuration with
the unvectored baseline configuration indicates a loss of gross thrust (nozzle
efficiency) of about 1 to 3.5 percent for the vector flap scheme at 5v = 200,
Based on the performance criterion of reference 7 for flow-turning losses and
the inefficient flow~turning capability for Gv > 50, the simple flap vectoring
scheme appears to be a viable design option only for applications with small
(8y < 10°) vectoring requirements.

CONCLUSIONS

An investigation has been conducted at static conditions (Mach number
equal to zero) in the static-test facility of the Langley 16~foot transonic
tunnel. The effect of several geometric parameters on the internal perfor-
mance of three nonaxisymmetric nozzle concepts was investigated. The three
nonaxisymmetric nozzle concepts investigated were convergent-divergent, single-~
ramp expansion, and wedge nozzles. Two different thrust-vectoring schemes were
investigated with the wedge nozzle. The nozzle pressure ratio was varied up to
approximately 10. Results from this study indicate the following conclusions
for each nonaxisymmetric nozzle type.
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Nonaxisymmetric Convergent-Divergent Nozzles

1. Nozzle expansion ratio is the predominant design parameter affecting
nonaxisymmetr ic convergent-divergent (2-D C-D) nozzle internal per formance.
As with conventional round nozzles, peak internal performance occurs near
the nozzle pressure ratio required for fully expanded exhaust flow. Peak
internal performance was almost identical to that expected for conventional
round nozzles,

2. Divergent flap length and flap divergence angle had only minor effects
on 2-D C-D nozzle internal per formance.

3. Cutting the 2-D C-D nozzle sidewall back to approximately 50 percent of
the divergent flap length or venting (slotting) the full length sidewall had
little effect on nozzle performance. Cutting the sidewall back approximately
75 percent resulted in only a l-percent reduction in internal per formance.

4. At nozzle pressure ratios typical of take-off and landing speeds,
several of the 2-D C-D nozzle configurations (generally those with the higher
expansion ratios) exhibited large unpredictable variations in measured resul-
tant thrust vector angle. These variations, which could cause severe control
problems at low speeds, were caused by unsymmetrical internal flow separation
from the divergent flaps and tended to become larger in magnitude with increas-
ing divergence angle and flap length. This problem was not as severe for noz-
zles having lower expansion ratios typical of landing and take-off conditions.
In addition, cutting the nozzle sidewall back or venting the sidewall signifi-
cantly reduced the magnitude of the resultant thrust vector angle variation.

Single-Ramp Expansion Nozzles

1. Reducing sidewall area (containment) on the single-ramp expansion noz-
zles generally had a negligible effect on nozzle internal performance.

2. Although the single-ramp expansion nozzles were designed for no thrust
vectoring, they exhibited large nonlinear variations of resultant thrust vector
angle with increasing nozzle pressure ratio because of the changing exhaust-
flow wave patterns. These variations were reduced somewhat by reducing the
amount of sidewall containment area, but a variable expansion ramp would be
required to completely cancel resultant thrust vector angles at all conditions.

Wedge Nozzles

1. A gimbal vector scheme proved to be a very efficient thrust-vectoring
device at static (wind-off) conditions for the wedge nozzles. This vectoring
scheme generally provided measured resultant thrust vector angles equal to the
design geometric vector angle over the entire nozzle pressure ratio range
tested with no loss in nozzle resultant gross thrust ratio. However, this
vector scheme may have a large detrimental effect on aircraft aerodynamics
during wind-on operation.

15



2. The vector flap scheme produced nozzle performance (resultant gross
thrust ratio) losses of up to 3.5 percent during vectored operation. 1In addi-
tion, flow-turning capabilities decreased significantly with increasing geomet-
ric vector flap angle. These deficiencies will probably limit application of
the vector flap scheme to applications with small vectoring requirements.

L.angley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

May 11, 1979
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APPENDIX
INTERNAL STATIC-PRESSURE DATA

Internal static-pressure distributions were measured on the nozzle flaps
and sidewalls for most of the configurations investigated. Wedge static pres-
sures were also measured on most of the wedge nozzles. Internal static-pressure
orifice locations are shown in figures 25, 26, and 27 for the nonaxisymmetric
convergent-divergent, single-ramp expansion, and wedge nozzles, respectively.
Internal static-pressure data are presented in tables ITI, IV, and V for the
nonaxisymmetric convergent-divergent, single-ramp expansion, and wedge nozzles,
respectively. Data are presented as ratios of local static pressure to the jet
total pressure P/Pt,j at each orifice location over a range of nozzle pressure

ratio pg,§/Poor
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APPENDIX

TABLE III.- COMPUTER PRINTOUT OF RATIO OF INTERNAL STATIC PRESSURE TO JET

Point

OB NS W

Point

CONOWNMEWN —

18

Py

TOTAL PRESSURE FOR NONAXISYMMETRIC CONVERGENT-DIVERGENT NOZZLES

3P
i.0C3
Leb2b
1.753
2e0Cs
24257
2518
2.9¢7
3e528
401l
belbs
6e243
Ge756
84229
6el34
LaCE5
2.97¢
2.0€2
l1.001

(a) Configuration C1

Flap static pressure, p/p: 3
s

Row 1 == ~— - Row 2
x/xt X/Xc
0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560
LTS +995 1.900 14000 .999 1001 £ 999 998 T
«7G8 +413 IR «397 o35 +8U1L 417 417 «399
« 7G5 oel2 «4Ca ¢339 hFh «8L0 s L1R «415 «363
« 795 W413 + 404 «398 «364 2801 shl1f 418 0392
2794 s4la . 4l4 «397 365 +BO1 « 419 ch1E .363
o 7194 e4lf shud «397 «355 «BUG s41Q 0419 +392
794 4ls . 4L3 366 1565 . 796 417 $418 391 0357
« 754 a4lo +403 «395 s 165 « 797 617 «41R «360 «3:7
+ 194 41t $402 +395 s 3A5 «797 e416h 617 +389 356
« 763 shla 2402 «395 «365 AL W 415 «415 «387 +3L4
ALY o413 e 402 «39% «3K5 « 798 s41% vbl4 «386 s 353
« 794 412 « 402 «396 354 o798 »415 2413 +385 3%
.794 W413 V402 $395 e .798 L6018 Wel6 .386 .353
744 bla 402 +395 «255 « 797 s 415 415 «3b6 356
o795 tals «402 +395 2165 ¢ T9E e 417 obl6 <368 «3L5
o795 hlé «4VU3 «397 366 e 796 o418 «417 «390 $ 357
«797 2415 «4C3 «398 366 +797 o417 «4l15 0362 «357
1.0G2 1.0C1 «798 +369 +G9973 «9923 «99R #9986 «999 « 998
=3 Sidewall static pressure, p/pt’j
Row 3 Row 4 o< Row 5 ———3m!
x/xt X/Xt
0.791 1.011 1.286 1.560 1.890 1.286 1.560 1.890 1.560 1.890
1.001 1.003 _ .e998 «959 «99P 1.013 «998 +997 « 994 «99%
«R00 «5F5 o435 «4C1 «630 « 450 42U 632 $431 « €25
«797 «5RY <437 «399 «512 T «3066 «500 919 «515
«796 «5E2 437 400 $3R8 2463 «385 409 401 «448
« 796 5P «436 399 «357 462 + 384 «363 « 390 «406
« 797 « 58] 0435 «39¢t 0357 v 440 ¢ 383 +359 285 +383
796 «579 w434, «397 «356 o436 «382 +357 «379 351
«79¢ «5TH +423 «397 355 %28 « 381 «3506 «375 $322
« 796 +578 «432 «396 «354 o426 <380 +355 «273 +303
« 794 577 «431 «394 «2%13 424 «378 352 «37 «270
«794 o577 431 +393 «351 0423 «377 +351 s 271 «2¢95
« 794 «H 7R «431 392 «350 422 «377 «350 «271 «2€8
«795 577 _ e431 393 251 o422 «377 «351 371 «269
« 796 576 L4632 »394 »352 s 423 «37b +352 « 372 276
«797 «575 432 «39¢ 353 h29 « 380 ¢354 «27F «302
+ 798 2576 +435 «397 355 e 427 «382 «357 «380 +251
798 o578 «432F «39G «356 426 « 365 «410 6N s 04P
1.000 +993 «939 «95¢€ sGQ8 9F4 . 999 «999 1.001 1,000




APPENDIX

TABLE III.- Continued

(b) Configuration C2

£ Flap static pressure, p/pc 3
Row 1 >1J Row 2 -
x/xt x/Xc
Point pt,j/pm 0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
—1 1,000 1.000 2999 1,000 _  1.001 1.000 1.06a .
2 «490 0643 664 4803 T L6109 .528 L647
B 405 <400 o587 . s802_ _  _e419 421 462
D) . 405 «400 369 2805 420 «423 «393
5T Y «399 <368 804 $421 424 «396
6 405 «399 .366 T .804 : 424 2393 _
T +404 «398 «366 795 _ 422 4392 .
) <404 .397 .346 w197 . 422 «391
9~ +403 .397 266 o798 _ 421 €390 .
_10 403 .397 366 _.800_ _ LJel® 420 2368
11 +403 «398 <246 T,801 | .e17 L4186 387 _
Tz 403 .398 V366 . e4l7 417 387 _
13 $4G3 398 366 L .a17 L418 L3877 .. . .192 _
14 I .398 367 .80l hiB 419 +389 +194
15 3,973 . 403 «397 D367 T 797 .419 .420 . +390 $250 _
16 2.956 .404 «399 367 0 J795 . J419 V421 .391 L e339_
T 1.988 T . I +400 +369 _ .H05 420 2420 4394 .502
18 T .999 1,000 . ._1.003 1.000 1.000 1.091  1.000 . 1.001_ 1.000 1,061 . 1.002
Sidewall static pressure, p/pt 4 -
Row 3 - l< Row 4 Row 5 =3
x/xt x/x x/x
t t
Point pt,j/pm 0.791 1.011 1.286 1.286 1.560 1.560
a1 14001 1,002 . 1.004 1.000 1.001
2 1.495 R04_ 506 649 663
3 1.735 802 #5886 L6436 +524 557
_ 4 2.068 .801 584 436 433 . 480
5 2.221 _ . .800. .583 } 639 «401 +438
_ 6 2.4€8 .582 .439 .394 c4Ul
T _ . 2957 581 _ _ 1438 .388 <342
B _ 3.472 «581 $437 «387 .293
_ 9 3.9t6 560 437 «385 .258
_10 54959 +580 435 «383 «205
11 84068 .580 «433 .382 .208
12 .9.588 «580 .432 #3682 223
13 __B.036 «SED 436 .382 Le223
14 54969 579 1435 .383 224
15 3,973 .578 B .437 384 269
16 2.954 579 _ 637 +308 .345
17 1.9€8 .581 0436 . 439 v481
18 .999 «996 1.000 1.000 1.001
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20

Point

VX NV LS WN -

Point

O DNV SN

t,3/P
1.000
le4ta
1.730
1.978
2.227
ce4BL
24939
3.478
3.953
5.9%6
8.014
9.042
6.029
640C0
3.659
2924
1.9t4
1.6Cu

TABLE III.- Continued

(c) Configuration C3

1.011

2999
W52
L414
415
416
417
417
417
J416
L415
W41t
416
e4l5
W41t
Wa17
417
.416
1,002

Flap static pressures, p/pt j
s

t

Row 1

x/x
1.286

1.001
2649
«4ub
406
«400
+405
e 404
«404
+403
a 403
«404
2404
+403
e403
«402
v403
«4l4
«999

[—— Sidewall static pressures,

e

Row 3

x/xt

1.011

1.002
2663
«58¢
585
«584
« 583
«581
581
«581
« 580
«501
«582
«581
«580
579
«580
+5813
+ 998

1.560

.999
.66
597
4400
399
4400
.399
397
.397
.397
399
400
.399
.398
.398
.4G0
L6401

l.001

N

Row 4=H

x/x

1.220

_ 1.000
656
«518
461
2451
LY
446
«446
bbb
]
44t
h45
446
467
ba?
Yy
461

1.000

0.791

.B0%
. 806
806
794
e 796 .
L7918
+800
.302
.803

)
L 757
LT9%
.8U4
996

.801_

1.001

Row 2

x/x
1.286

1.001
JhRE
.556
1464
422
J41E
V411
W411
W411
L410
410
.410
L400
.410
L6410
L4610
TS
«999

~
1.560 1.890
969 1.000
«676 «677
«5E2 580
503 #5114
shh0 46?7
2397 399
.330 . L3309
287 287
.251 .24
Wit9 155
+1E8E . 129
188 128
Jlto .129
oit9 195
252 a254
«34l «341
«203 213
le0Cu l.uul




Point

ool el ey ,
O PWNHOO®ING U W

17
18
20

p,. /P,

€]
l.002
le.4b4
1.738
1.997
24468
34003
3,507
4.01b
5.0¢€0
64153
6ed70
9.1L0
FedL2
3.153
6.234
6.1L8
4.004
2.9E7
l.993

1,000

P /Py

£,
lavo2
le4té
1.738
4997
2.498
3.003

3,507

44010
YeCEV
6.1E53
8.276
9.150
9.552
94153
8.234
60108
44004
249t7
1,963
l.uto

APPENDIX

TABLE III.- Continued

(d) Configuration C4

< Flap static pressures, P/pt,j
< Row 1 > Row 2
x/xt x/xt
0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
.996 997 _.998 | V996 L .996 4,936 .995
«7t9 +381 511 » 795 . +383 «573 <652
«7E7 «381 272 « 792 «382 «290 o254
<787 «38C «273 « 795 «3R4 «288 462
WTET .381 .276 . 796 .3R5 .285 +364
76 «38C 276 « 793 «384 «286 «192
L7586 .279 278 _ .792 .383 _e286_ .193
«760 «379 £ 277 «793 «303 «285 +193
o7k6 «379 o276 .« 794 .382 «284 +193
A «378 2275 « 793 »382 2284 «192
« 78 «377 2272 o 794 +383 «284 «192
« 728 «377 2275 . 795 «3R3 o284 «192
W70 377 L2775 _ . T .304 L284 .192
oTtB «377 275 « 794 ELL] _»284 «192
« 788 378 «275 « 794 + 383 «284 «193
«708 «378 «275 . 796 «383 0285 «194
768 .330 217 L7923 L3R4 .286 195
«7€9 «381 0277 N e 797 +»385 +?88 «195
791 . _ 4382 w274 2795 .386 o .288 4469
1,001 ©1.003__ 1.000 1.003 ° __ .999 1.001 . "1.001
= Sidewall static pressures, p/Pt’j
Row 3 - ,' Row 4 Row § ———
x/xt x/xt x/xt
0.791 1,011 1.286 1.560 1.890 1,286 1.560 1.890 1.560 1.890
4994 1.001 997 997 7T J997. «997 | .997 .997 _ ,998
«R00 «603 sbu2 629 «£31 «62C « 625 «626 «627
197 +590 .398 .532 L£30 .521 .531 .53 o527
L797 .588 .323 L458  _ L471 .370 .451 L4581 472
.797 .586 .267 .203  .384 272 234 0291 .389_
.796 564 267 173 T .308 272 .185 L1917 _ .305
.797 .5R3 . 268 174 253 _ w272 184 .199 2255
.796 503 .268 74 J14s | G272 .185 L1209 L2021
+ 795 «9R2 + 267 «173 o144 271 «184 199 2123
.795 J5R2 L2606 173 L1463 .270 J184 .19 .123
.79¢ .583 .266 172 7 143 .269 .184 89,122
.797 .584 .266 W172 4143 267 W184 .179 W12z
.797 584 . 266 172 .143____ 1268 L1184 .179 o122
2798 L5864 .266 172 L1463 L268 L1864 L 189 122
$797 +583 $266 172 77 T.144 0 L268 .184 W189 Ji220
.798 582 267 W174 L L1464 .269 .185 90 123
+800 .581 .268 175 Jl4b L2172 .186 .199 198
LA01 .582 .268 75 .21 .273 .186 Jer L3080
__eMOL 586 .313 458 | T.672 .369 V%50 450 T Le74”
1.000 «Q997 1.000 1.001 .. 1.001 1.002 1,000 1.001 1.001
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APPENDIX

TABLE III.- Continued

(e) Configuration C5

— Flap static pressures, p/pt,j
-~ - Row 1 Sl Row 2 S
x/xt ] x/xt
Point P, j/pun 0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
>
Y 999 1,007 _.990 _  ,997 . .998 1.005
2 1.4%9 NED .383 558 +659 L678
3 1754 794 L3R4 T L2094 .557 577
4 1.995 N 796 .385 290 L4683 0512
5 24502 .796 L2806 .285 .326 L4612
6 3,007 792 .38€ 286 .193 +345
7 3,499 R JI92 e384 _ 4,286 2163 277
8 4.024 «793 L <285 «193 «235
9 5,067 792 o384 _ .285 .193 .183
10 6.117 e 794 « 384 284 193 s l44
11 8,2¢0 e 793 ¢34 _e?84 «192 95
12 9.u57 T.793 .384 286, .192 L0EE
13 94549 RIT B D o793 _ WIRG _ L2R4. W192 W9E6
14 9.122 JTbo .792 L3394 284 .192 L0868
15 84220 T .793 .284 294 2193 )
16 6.133 «788 . 792 <386 «285 2194 o144
17 4,060 _ e788 . 789 «384 «286 2195 2233
18 2996 «TEY « 787 _ «38¢ ~ +287 «195 «349
19 | 1.993  _  _.750 . .87, 385,293 V667 e20d
20 le0C2 leulL +4987 « 908 1.001 1.000 940
Sidewall static pressures, p/pt i
>
Row 3 le Row 4 le Row 5 >
x/x, x/x, x/x,
Point P, j/p‘=° 0,791 1.011 1.286 1.560 1.286 1.560 1.560
,
o1 +999 1.001 | .997 .997 T .59¢ .997 1.000
2 1l.499 $ 598 « 580 «62R 612 «611 612
3 le75%4 +59C «368 _«533 «517 «515 «51h
4 1.99% «589 «353 Wel4 404 se70 471
5 24502 «5P7 «26> 377 276 $37¢ «375
[} 3.007 586 « 266 «307 _ «275 «255 «?53
7 . 3.4S9 .585 266 172 275 W189 .195
8 44024 584 «266 «172 274 «18R .102
9 5.0€7 «584 « 265 w172 273 .187 +189
10 €.117 «584 «265 « 172 273 <187 +189
11 8.220 «584 «265 «171 272 «186 .129
iz YeUG7 «585 262 +170 272 2186 +JR9
13 94559 .585 P26 170,272 .186 L1848
14 S.122 «585 <265 «171 272 <186 #1989
15 B.220 «HE4 « 2069 «171 272 «1R6 2183
i6 64133 +583 «266 2173 «273 «188 +1RQ
17 4.0€0 «ZB83 + 268 173 o27¢ «1P0 <192
18 24998 + 586 <2068 «310 277 «261 «?55
19 1.993 «587 357 +47b «409 &7 o772
20 l.002 «997 1.001 1.001 1.002 1.602 «993
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Point

C@NO WS W

e, ./,

l.000
lebt4
le719
1.978
2e4t7
249t9
3.518
4alab
2.0¢€4
beC4o
BaC74
899y
Gehe?
Bey7o
6el42
€.035
4,011
2.971
1.576
l.0Lu

APPENDIX

TABLE III.~ Continued

(f) Configuration Cé6

|9 -———————————— Flap static pressures, p,Pc,j
=< Row 1 " Row 2
x/xt x/xt
0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
louto .997 1.06y | L.v01 .999 1,005 .999 T .397 <999 1.0¢0
o192 «381 «233 « 629 WEED «801 « 3P4 «59% 2674 676
e 791 e300t <290 «532 <609 « 800 « 386 «558 «583 «582
«7to +381 274 422 <479 «Bul «385 bbb «509 «505
«TE8 381 $277 «356 «377 «BUN +3R7 «312 «387 +409
o788 «381 « 217 19l «317 « 751 386 «2R4& «315 «326
S IS .350 279 .191 267 .792 .384 284 $260 203
. 768 «39G 274 o191 «223 «793 « 384 «282 «22U o261
. 768 $3749 277 +191 «101 « 794 «3RG «282 o161 174
« 787 «375 «276 <190 «106 . 794 «304 «282 0124 «140
«7tH $377 $275 + 189 +113 « 754 «3R& .281 «109 «105
o 7tY «377 2706 «1u9 115 «793 «385 2281 «108 UG
L789 .377 L2706 .189 J17 794 .385 .291. .109 084
«7P8 377 276 . 189 «11¢ 2« 793 « 3RS «291 «109 <091
79 «378 «27% 2192 2114 « 794 « 3RS «281 «109 «104
«7EB 377 276 2199 »1C7 . 793 394 «282 o124 «14C
e 790 « 328G « 277 2191 o222 . 790 «385 «283 W 22v 0243
«751 «38) «276 «199 «319 #7567 «3R7 +2B6€ 318 e343
e 794 «381 273 «42? _ “4B2 « 795 «3R6 el «510 #5508 _
1.0¢4 l.Cul 1.30y . Ls6GA .998 .95 1.001 1.002 .999 1.001
\——- Sidewall static pressures, p/pt jﬂ
,
Row 3 > Row 6-%1
x/xt X/xt
0.791 1.011 1.220 1.220
1.002 1.000 L955 1.002
LRO7 .565 ‘627 .518
«B0S «591 «532 «527
802 «590 e 449 o470
.8170 «5RR «325 «304
« 800 « 587 «3c2 +2R9
« 799 «58¢€ «32C «287
+ROU « 585 +319 o287
.801 «58% «317 « 785
« 796 +5R5 +316 «2R4
«797 « 585 +315 282
«797 «S5B6 «315 «282
. .798 .586 $315 .282
+ 798 +586 2315 <282
«798 «585 +315 «283
799 «GE4 «316 «2h&
«8012 «5R4 «320 o286
«903 +585 «324 «288
_.B806 .589 e 471
«999 +999 1.603 1.0062
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TABLE III.- Continued

(g) Configuration C7

Flap static pressures, p/pt 3 >
,
Row 1 >le Row 2 >
x/xt x/xt S
Point P j/p& 0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
s
1 1.00u 1.002 1.001 «999 «999 1.001 1.006 1,001 «999 .999 1.000
2 1.466 .791 »381 $517 627 673 «798 +384 +589 665 .668
3 1.722 . 789 +381 .273 473 .597 «797 .385 +409 567 576
4 1.994 . 789 .381 274 423 467 0797 .386 «303 4480 . 497
5 24480 .788 .381 276 .363 .381 797 $387 .288 .384 «398
6 24966 .787 .380 277 .191 .322 « 793 +386 287 +305 .330
7 3,463 . 787 +380 278 £191 272 « 794 $385 287 .257 284
8 3.992 .787 .379 .278 «191 227 796 ,384 .286 °210 .242
9 54606 L7867 .378 .276 .191 o116 « 794 .84 286 W179 174
10 6.076 L7686 .378 2276 «190 .116 794 . 384 .285 $171 W136
11 8.188 .787 377 .275 .190 .116 794 .384 .285 o167 .101
12 9.034 L767 2377 275 «190 .116 . 794 .385 +285 .166 .096
13 94480 o787 $377 .275 .190 .116 794 .385 +285 <166 .094
14 9.024 .787 .377 .275 +190 .116 2793 «385 .285 .166 .096
15 8.196 . 787 .377 0275 +190 .116 0794 «385 «285 o167 102
16 64059 787 .378 $275 $191 .116 «793 .384 .285 o171 .135
17 3.995 .788 «379 .277 $191 227 . 792 .385 286 .212 243
18 2.969 .788 «380 .277 .191 +323 » 790 »387 .288 .303 .332
19 1.969 790 .381 274 v423 471 «793 .386 +300 483 .503
20 1.0C2 1.060 «999 +999 .999 .998 +996 1.000 +999 1.060 .998
Sidewall static pressures, p/pt i =
s
- Row 3 | Row 6 >
x/xt x/xt
Polint pt’j/pm 0.791 1.011 1.286 1.560 1.890 1.286 1.560 1.890
1 1.000 1.006 1.002 +998 998 1.000 +998 998 +999
2 l.488 +806 *595 593 h48 0662 «583 628 0651
3 l.7z2 .903 +593 +337 +556 572 £497 . 541 .558
4 1.994 «803 .591 266 449 514 «399 0455 .487
5 24460 .802 589 267 «329 0433 «356 «378 .386
6 2e960 «799 588 «268 «185 349 314 «311 324
7 3,463 799 <587 268 «175 «306 277 <260 274
8 34992 .799 587 268 175 264 266 .231 .237
9 5.0006 799 586 268 174 136 261 182 .188
10 64076 797 +586 «267 174 131 262 + 168 .163
11 8.168 . 798 587 0267 0172 «129 «260 o161 «123
12 94034 «799 «587 268 172 .129 0259 «160 $117
13 9.460 «799 587 «268 o171 »129 259 160 o115
14 9.024 «799 +587 268 172 129 259 .160 117
15 84196 . 799 587 .268 .172 +129 «259 $161 .123
16 64059 «799 »586 . 268 174 «131 261 +168 o163
17 3.995 +801 586 «270 °174 .239 .268 «231 «237
18 24969 .801 587 .270 *186 +353 +319 .316 +325
19 1.9¢9 +803 .591 .269 W436 .520 406 .471 2493
20 1.002 999 .998 1.001 999 »998 1.000 1,000 2999
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1.000
le4b2
1.725
1.963
2+480
2.982
3.480
4.025
5.034
6.093
8,240
9.068
9.471
9.030
Be174
6.119
4.015
2,983
L.9¢4
1.001

APPENDIX

TABLE III.-~ Continued

(h) Configuration C8

(2 Flap static pressures, p/pt 3
< Row 1 sle Row 2
x/xt X/xt
0.791 1.011 1.286 1.560 1.890 0.791 1.011 1.286 1.560 1.890
«996 «998 1.Q0¢ +999 1,000 1.002 +999 1.000 1.003 1.900
« 789 «380 493 «600 «665 798 382 «517 653 2673
787 «380 272 «432 «581 «795 « 384 285 572 «576
787 «381 274 421 +465 «798 «385 «285 «500 +509
786 «380 «277 «371 « 384 «799 «386 «?286 «313 422
« 785 +«380 « 277 «191 +323 «793 «385 +286 2194 «396
« 786 «379 278 +191 273 « 794 « 384 286 «194 «299
o787 «379 278 «191 0225 «793 +383 «284 «193 169
«786 378 276 2191 115 « 794 +383 284 2193 «119
786 «377 «275 + 190 115 «794 «383 283 «193 «113
787 377 275 +«190 2116 . 794 «384 283 191 111
«7b8 377 272 «190 115 « 794 «3R4 .283 «191 «111
«788 «377 275 «190 115 .« 794 384 283 «191 111
«758 377 275 +190 +116 « 794 «384 283 «191 »111
o787 «377 275 «190 2116 794 «3R4 .283 192 111
787 378 275 «191 »116 «793 «384 «293 193 «113
. 788 «379 $277 191 225 «792 384 285 o194 «169
788 «380 «277 +191 .323 « 791 387 «286 194 «397
<789 +380 274 «424 467 «793 «387 285 <504 «511
1.00u 998 «999 +999 «999 +993 1.001 999 1.000 «999
=< Sidewall static pressures, p/pt 3
= Row 7 - { Row 8
x/xL x/xC
0.791 1,011 1.286 1.560 1.890 1.286 1.560 1.890
«995 1.001 «998 1.000 1.000 1.000 1.000 «999
.801 «593 e594 647 533 659 596 674
« 799 «593 «b25 538 349 «559 519 578
800 592 «324 e 468 277 487 463 +504
+800 +590 2263 $382 277 .388 $351 0403
+ 7909 589 263 319 2176 322 240 «353
« 799 «588 .263 <270 278 «280 «203 .287
«798 «568 264 $239 .278 «237 0194 £206
«799 «587 «263 «194 276 181 192 «129
« 797 «587 e263 «169 «275 153 192 °115
798 « 588 $262 +156 274 122 +191 .112
0799 .588 «263 o154 274 118 «191 112
+799 «588 0263 «154 274 «117 «190 112
«799 «588 2263 «154 o274 .118 «191 <112
« 799 «587 «263 «156 274 0122 «191 112
«799 «586 263 2169 275 0153 192 o115
«802 «586 » 265 239 «278 »238 . 194 207
«833 «588 «265 <320 278 «323 e 240 353
«804 «591 +331 o471 278 «490 %63 «509
1.001 2998 1.002 1.002 1.000 +599 1.000 1.000
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leGel
1.53>
1.755
L9994
24529
3.015
36490
4elal
Seliu
5.57
£e1U0
7.181
84233
Ge743
7.1¢tb
Lebb4
4el43
3.053
le9tl
leull

v
t,j'P

1.001
1535
1.755
1,994
2.519
3.0iY
3.456
4G40
5.050
54575
6.1C0
Teled
8.223
9,743
T.1¢8
Yebia
4a043
3,033
legtl
1.001

APPENDIX

TABLE III.- Continued

(i) Configuration C9

le—— Flap static pressures, p/pt §——>
s

= Row 1 >
x/xt
0.791 1.011 1.286 1.560 1.890
.957 .97 R TT .99y +964
L300 .381 «342 .498 ‘043
oblo .383 344 424 17
. 759 386 «346 4959 676
797 L3865 $ 346 .233 V373
796 .385 «340 L2346 208
« 796 385 ¢34y «234 «20b
e 796 «36Y «34Y «234 L9
.766 «384 #3645 .234 .209
.796 .384 . 344 .233 209
L 796 .384 . 349 0233 .208
L756 L3384 . 345 0233 20t
.790 384 L34y .233 $207.
797 .333 . 344 .233 20T
o797 «384 e 344 «233 e 208
« 797 +364 e 344 234 «2C8
797 .385 <344 $235 ‘208
798 +386 .34 $235 207
.800 .306 TS L4e3 479
1.002 1.004 . 999 _de0C1 _e599_
Sidewall static pressures, p/p, 5 >
s
< Row 3 Sl Row 4 1 Row 5
x/x, ®/x, x/x,
0.791 1.011 1.286 1.560 1.890 1.286 1.560 1.890 1.560 1.890
1.005 1.000 .997 + 996 <997 .999 . 998 992 +999 $969
. 797 .581 L4929 .560 V617 P 451 .569 .61E .574 627
BU? .5%1 .301 e4ly «539 Y XYY «537 $473 .537
802 .500 .309 268 496 . 347 .247 464 .273 Y1
.802 JETT ML 267 «364 «346 L2406 .360 284 .34
77 576 +201 267 «197 «346 243 £210 o263 269
7908 576 » 301 « 267 199 «344 «243 $205% «243 +21R
« 798 +576 . 300 267 «198 «344 0263 « 205 «263 W210
« 7943 «57H «300 «266 «1YR «363 262 204 242 +20%
« 798 «STF «?99 2260 +197 «343 e 247 «203 o261 «20f
« 798 576 »299 « 2060 «luy? 343 2267 «203 W« 241 « 204
L7987 576 .?a9 o269 $196 .343 241 .203 .241 204
o 79R + 577 «?299 « 265 «196 #3642 0261 «?03 241 2203
797 77 «299 22065 e 196 0342 0241 +232 240 «203
o797 «576 «309 «26E «197 «343 o242 «203 261 «204
$ 795 « 575 +300 « 260 «19R «344 242 «205 242 2205
« 796 5795 «301 2067 +199 «365 «243 «207 $243 210
. 794 .576 .392 .268 L 198 o348 263 212 o243 267
o« TYR 58N 30N s 266 .« hyo e34¢ 266 473 2275 474
+ 998 «GCH « 099 39y « 999 « 9986 » 999 1.00% «969 1.002
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TABLE III.~ Continued

(j) Configuration C10

/P

Pe
1.001
leb(C2
1770
2.003
ce533
3.027
3.512
4.L306
5089
6.213
8e347
9.272
9,646
9.236
6.223
4.0z3
3.0C1
1.995
l.0C)

Py i /Py

leC01l
le502
1.770
24003
2.533
3e027
3.512
4,030
5.0€9
6.213
B.347
9.272
EFY-LY )
3.220
6.223
4,023
3.001
le945
l.001

<———— Flap static pressures, p/pt j_>-‘
>

Row 1
x/x,

0.791 1.011 1.286 1.560
«996 997 1,000 2997
«791 b1l «5€0 «617
<784 «378 436 -1
.73 «379 424 «456
«779 +380 226 +376
« 777 «380 227 303
770 .379 227 Jlol
o776 «378 228 +161
774 «378 o227 161
«773 378 w226 o161
«773 «378 225 <160
774 «377° «225 160
174 <378 225 L160
« 774 378 o229 +1060
774 .378 226 «161
W 177 «379 227 «161
+7EC +381 w226 «308
786 381 417 «453

1.000 1.004 4959 1.0CL

[¢—— Sidewall sta

0.791

1.002
802
«501
s8L1
<800
« 797
+79R
«738
.798

. «798
AL
799
e 79°R
. 798

« 798

£ 796

e 794
<799
T

1.011

1.000
€01
«£94
«5R3
+5R0
«5R0C
«580
+«5R0
580
«SR0
#5081
581
«FR2
581
«280
+«580
+580
<583

1.0G60

tic pressures, p/p

Row 3

x
x/ .

.998
.562
.368
.357
.265
+265
.265
765
«2064
L2654
264
L2664

_a266
264
L2664
.266
.266
+365

1.901

£,

«9GE
627
+501
2459
369
«30¢
«253
0124
o124
«124
2129
«125%
«125
«12%
«125
0125
«310
2463
1.000

27



APPENDIX

TABLE III.- Continued

(k) Configuration C11

k———— Flap static pressures, p/pt 5
——— Row 1 >
x/xt
Point P, J/p"" 0.791 1.011 1.286 1.560
»
1 l1.001 « 957 «997 1.000 « 998
2 l.4€8 192 «354 «351 s 646
3 l.745 o708 «355 V349 532
4 1998 o7t7 v254 « 347 484
5 2.501 «TtG 355 v 347 «344
6 3.Cl4 «782 +355 «347 222
7 3,766 <780 354 «340 o222
8 44307 « 779 +353 + 346 $222
3 4.817 . «179 «353 2345 222
10 6.141 « 778 #3613 «345 <221
11 9.266 <779 «353 2345 0221
12 9.578 779 ©353 345 2221
13 6e121 W77 «353 +345 222
14 4.2t o7b2 «354 0365 223
15 3.0L8 2765 «356 347 223
16 24004 «750 357 « 346 «483
17 .999 Lebls . 140w4 1.002 1.002
- — Sidewall static pressures, p/pt P
B
Row 3 >1 Row 4
x/xt x/xt x/xt
Point P, j/p°° 0.791 1.011 1.286 1.560 1.286 1.560 1.560
1 l.0C1 « 990 1.001 +09q «999 +998 2 9QR «997
2 loaty «8GO «5R3 o574 37 v563 €65 « 649
3 le745 -1 «583 422 « 538 «355 £45 550
4 1.998 «Bu2 «H5R2 «297 WLE9 «347 472 «483
5 2501 +803 «579 «294 «271 «34¢ «315 +341
6 3.014 . 798 «E77 «295 «270 +346 265 «263
7 3.7t . L T9R .577 295 2270 0345 262 .237
8 44307 « 798 577 «?95 269 «345 242 «233
9 4,817 + 799 577 « 294 «2€9 «34% 241 «231
1C bel4l « 798 577 «294 «269 «345 « 240 229
11 Ye2t0 « 7609 «S5TR 2+ 294 W 2€8 _ «344 «23Q «228
12 J.E7Y « 799 « 579 « 204 « 268 «344 « 230 228
13 6.121 + 799 577 »?299 «2¢9 «346 240 «230
14 4280 2795 «577 2296 $27C 347 o243 «234
15 3.008 .« 799 «578 «?206 $271 s308 « 247 «268
16 2.CL4 28027 «5R2 «2906 «468 L e349 472 «4EL
17 « 999 l.u02 1.000 l.n0? 1.002 leC 02 1.003 1e002




APPENDIX

TABLE III.- Concluded

(1) Configuration C12

Flap static pressures, p/pt 3 _
s
= Row 1 Sy
x/x
Point Py :]/p‘,u 0.791 1.011 1.286 1.560 1.890 2.220 2.769
1 l.6Cl « 995 «997 «999 «998 .19
2 l.5E5 «793 «404 «349 0485 «5C1
3 1.8%1 «790 chuh +346 «467 o472
L l.597 «TEQ +405 e346 ) «430 442
5. 24578 «786 s4U0 »347 «229 +235
[} 3.031 « 784 406 0347 «230 «203
_T_ . . 3.548 784 _ 406 0347 .230 204
8 4.044 o784 «406 « 346 «230 206
9 54068 784 905 346 .230 _.205
10 6.138 <783 «405 « 346 230 204
11 Be.lto e 78Y «405 «347 «230 204
12 Yel72 «7bo ) «405 3647 «230 o204
13 9,611 765 . «405 .347 .230 204
14 Ge.ltt <786 +405 «347 +230 «204
15 6.139 «765 <406 « 346 «230 205
16 4.U4Y JTET7 .407 .347 .232 L205
17 3,029 « 788 «408 « 367 «231 «2C3
18 240e9 e 794 s4U8 «346 «418 2430
19 .9%9 J1.,066 . 1.007 1.001 1.003 1,001
e Sidewall static pressures, p/pt 1—9-
,
=3 Row 3
X/xt
Point Pe j/pm 0.791 1.011 1.286 1.560 2.220 2.769
>
1__ 1.001 1.0u5 .97 L99R L0908 _ 4995 _
2 levbs « 8063 « 587 299 «369 «571
3 1.851 «8U2? +587 +?99 «295 509
4 1,997 800 «5R6 +299 _e262 e 4R2
5 2.578 .799 .584 L300 262 . 219
] 3.031 s 79R «584 «300 262 «163
LT 3.548 _ +BCO . .583 _ e300 e76) _ ___ 163
8 4.044 « 799 +583 «200 +261 +163
9 _ 5.098 798 .583 L300 L260 . 163
10 6.138 e 799 «583 +299 «26C . el63
11 Beltb « 799 «584 «309 «26C «162
12 9.172 .79R .584 .29 J260 .162 _ .126
13 9.611 799 .586 L2909 260 4162 ___ .l26
14 9.1tb .798 .504 .299° 260 .162 .126
15 64139 .799 .583 .290 o261 163 _ .130
__le 44049 « 798 584 «301 «262 _ el64 . _ el€3
17 3.020 4797 . .585 302 L2620 Jd66 T 4347
18 24029 .801 .587 .300 262 473 T

19 4999 996 .999 1.701 1.001 T__ _1.004 ___ 1.0C2
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TABLE IV.- COMPUTER PRINTOUT OF RATIO OF INTERNAL STATIC PRESSURE TO JET

pt'jlpm
.999
1,450
24542
3.503
4,237
Se146
6.185
6,683
7,244
9,462
10,423
9,429
6.685
4.219
2,491
1.061

P, /P

«999
1.490
2.542
3.503
4,237
5.146
6.165
64663
Te2h4
9,482
104423
9.429
66865
44219
2.491
1.00

TOTAL PRESSURE FOR SINGLE-RAMP EXPANSION NOZZLES

(a) Configuration SR1

Upper flap static pressures, P/pt j
,

Row 1 LL< Row 2 r
x/xt’u x/xc,u
0.888 1.008 1.129 1,250 1,649 1.691 0.888 1.008 1.129 1.250 1.449
1.003 1.000 1,003 1.000 +998 1.001 1.000 1.000 +999 1.037 1.000
«794 4449 +510 549 627 <691 788 ch2b 506 «598 0640
« 797 «238 «260 0241 452 +497 779 246 $271 v 266 479
793 .237 . 261 241 226 +453 .778 2645 0272 257 231
.791 $236 . 260 «240 $225 .193 «778 245 W271 «252 231
792 2235 . 259 «240 225 «193 « 778 243 270 0262 0230
. 790 234 .259 .239 .225 .193 W77 243 . 269 «238 .230
«790 0234 259 «239 225 .193 «778 262 »269 230 +230
789 +234 .258 .238 2224 .193 oT6 241 269 238 2230
2786 0232 . 257 .238 224 $192 776 «240 266 «239 229
$ 785 .232 W 257 .238 224 .192 . 176 .239 264 239 229
«785 232 0257 .238 224 «162 <775 +239 «265 219 229
«788 .233 .258 0239 .225 <193 .778 242 +269 «238 «230
.788 $236 260 «240 226 <194 778 244 271 «237 0232
« 793 .238 0256 1240 XYY «489 .781 244 271 «237 486
+999 «999 997 1,000 1.001 +998 1.062 1.000 1,000 0963 1.000
Lower flap statlc pressures, p/pt i
Row 1 ?"< Row 2
X/xt,\ x/xt’ 1
0.881 1.001 1.079 1.168 0. 881 1.001 1,079 1.168
»998 1.001 «999 «999 1.003 1.001 1.000 1.003
o845 .538 452 .609 2843 +535 453 «613
0842 +532 426 .332 « 846 +532 429 +335
+B41 .531 . 425 332 8406 +531 429 2334
+843 +530 424 0332 o844 +530 .428 .333
.843 «530 425 +332 846 +530 428 «332
842 529 L4625 »332 +845 «530 427 $332
+843 529 424 .333 845 .530 627 +332
842 «529 424 332 044 «529 +427 »332
2840 $528 424 0332 842 528 426 +331
+838 528 426 .332 .841 528 425 +331
4839 o527 623 .332 o841 527 425 +331
842 .528 425 .333 844 528 426 +332
+843 929 425 «334 +843 0529 428 +333
V843 .530 427 <334 845 +531 429 +333

1.000 «997 1.000 1.001 1.000 1.000 1.000 4997

X1aNdddv
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11
12
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14
15
16

P3P
.959
14450
2,562
3.503
4,237
50146
6,185
6.683
7,244
9.482
10,423
9,429
64bE5
4,219
2,491
1,001

TABLE IV.- Continued

(a) Concluded

Sidewall static pressures, p/p

- 6]
Row 1 et Row 2
X/xt,u x/xt,u
0.888 1.008 1.129 1.250 1.371 1.510 1.691 1.250 1.371°% 1.510 1,691
1.002 1.005 »999 <999 .997 1.001 +998 +999 1.001 +998 l.0ul
.731 +610 .488 v 613 V640 666 W672 +568 W614 656 682
+566 597 $ 324 .215 0365 YY) 420 236 «386 482 482
«503 595 .325 $215 «190 282 4340 .238 .223 0211 +420
2473 «596 .325 2215 «181 .210 251 .238 .223 .210 $226
448 0594 «325 $215 .181 o150 «205 $238 $223 2211 2175
427 2594 .325 V214 +181 o121 1164 +238 0223 «210 174
«420 +594 +325 o214 o181 .121 +150 .238 0223 .210 «175
L4l4 2594 2325 $214 180 .121 «136 «238 $222 «210 o175
+391 +595 2325 »213 SLL] o121 L1 «237 .221 «208 .172
»384 0595 «325 »213 2179 J121 .098 .237 p221 $209 W172
+391 +593 $325 $213 +180 J121 .088 $237 $221 +209 Wim
1420 +593 326 $215 .11 J121 149 «239 0222 .210 o172
473 $592 326 .216 .182 «210 252 2240 .223 +210 0225
$569 +593 +326 $215 2373 “453 428 .237 +391 0491 484
.997 2994 1.000 1.001 1.004 +999 1.002 1,001 +998 1.002 «999

XIaNaddv
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P, /P

t,J
1.001
l.527
20547
34549
4.233
54092
6207
6.708
T.280
9.381

10.338
9.+333
6079
44196
24499
l.0uu

Pe,i/Pm

1.001
l.527
2.547
34549
44233
5.092
6.207
6,708
7.280
9.381
10,338
9.333
6,679
4.196
24499
1.000

TABLE IV.- Continued

(b} Configuration SR2

Upper flap static pressures, p/Pt 3
s

It

< Row 1 Row 2 >
X/xt,ll x/xt,u
0.888 1.008 1.129 1.250 1,449 1.691 0.888 1.008 1.129 1.250 1,449
1.000 .998 1,001 1.000 4999 1,002 .997 .999 .999 »999 . 997
«793 435 498 «535 612 672 «785 +393 +500 #552 +630
. 795 .238 .258 240 451 496 W177 ,245 «270 «251 472
. 792 0237 260 0240 224 450 776 245 272 2647 231
+ 789 «236 259 +239 .225 2197 776 244 27N 0246 $231
« 791 <235 ' 259 .239 225 2194 776 ,243 2N «265 $230
<789 236 .258 .239 W224 .195 776 L2062 .269 244 « 231
.789 234 .258 .238 224 +194 777 242 L269 264 «230
+768 0234 +258 .238 e224 v 195 776 242 268 o264 230
« 788 .233 0257 .238 2224 +193 777 .241 W267 244 230
« 787 $232 257 $238 ,224 .193 .778 .241 .266 246 .230
2787 $232 297 $238 224 +194 $778 »241 267 o244 $230
. 789 «233 258 «239 225 +194 .778 0262 «270 2265 .231
. 788 «236 «259 «240 226 + 209 W778 2245 271 W 247 1232
. 794 237 .256 +240 459 488 .781 2244 .270 $252 479
1.000 1.000 «999 1.000 1,000 .997 1.003 1,000 1,000 1.001 1.001
Lower flap static pressures, p/pt 3 P
Row 1 ol Row 2
xlx, g x/x
0.881 1.001 1.079 1.168 0.881 1.001 1.079 1.168
2992 +998 1,000 «998 1,001 .998 . 999 1,000
'B44 .535 XY +584 0843 4533 44l 0592
.839 +530 426 .332 .845 +530 427 .333
.838 .528 .425 v332 .845 529 427 .332
+839 v528 424 +331 $842 o528 L 426 0332
«839 529 6264 .332 «845 .528 ' 426 .331
«839 +528 ,425 0332 NI .528 . 426 .332
2840 528 424 «332 2844 528 426 «331
.841 528 425 .332 2844 +528 426 ,331
o841 529 .425 2332 $843 .528 . 426 «331
+840 529 425 +333 $863 .529 . 426 2332
B4l 529 425 «333 .843 +528 . 426 0331
842 +529 425 «333 oBh4 .529 427 +331
B4 529 426 .333 2842 .529 .428 .333
1843 «531 426 2334 864 «531 429 2334
1,009 1.002 1,000 1.001 1,001 1.002 1,002 1.000

XIaNAIdav



Point P /p

tJ %
1 levtl
2 le527
3 2eb47
4 3.549
5 4,233
6 5.092
7 6.207
8 64706
9 Te280
10 94381
11 10.338
12 9.333
13 6679
14 4,146
15 2¢499
16 1.000

€€

TABLE IV.- Continued

(b) Concluded

—
o Row 1
X/Xt,u
0.888 1.008 1.129
« 999 « 969 «997
« 721 604 0433
0565 0597 032‘0
«501 «597 «325
473 «597 «325
0450 +596 325
2428 «596 «325
e420 «596 «325
e413 «596 «325
¢« 394 «597 e326
«367 «597 «32¢
¢ 394 «597 0326
421 «596 «327
Y e 596 327
e 570 «597 «327
1.002 «999 1.002

Sidewall static pressures, p/pt

>3

1.250

« 998
«606
215
215
215
215
o214
214
214
0214
o214
214
0215
216
216
1.001

1.329

994
N
«331
«201
«190
«199
+ 100
«190
«199
+ 189
« 189
«189
. 191
«192
«339
1,005

1.250

« 938
«559
«?35
237
237
e ?37
237
237
237
236
2?37
«236
«237
«238
«236
1.002

1.371

«995
«600
«394
220
222
0222
0222
0222
221
.221
221
221
222
0223
404
1,005

1.510

«999
648
433
287
220
209
2208
0207
»207
02067
207
«2C7
«208
0222
439
1.001

XTaNIddv
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Point

VTN WS W

Point

- R R O

Pe, i/ P

1.001
1.69¢
245641
3.535
44197
5.069
6.128
6.715
7+298
9e425
13.361
9sb44
b bE1L
44201
24532
1.000

e3P
1.601
1.490
2.561
34535
4,197
5.069
6.128
6,715
7.298
G425
10.3612
9,444
64681
4,201
2,532
1.000

TABLE IV.~ Continued

(c) Configuration SR3

ot Upper flap static pressures, p/Pt 3
< Row 1 L. Row 2
xlxg LT
0.888 1.008 1.129 1,250 1.449 1.691 0.888 1.008 1.129 1.250 1,449
«998 .998 999 «998 .999 .998 +996 «999 .998 1.000 « 998
792 482 2543 4590 .656 687 786 452 o543 628 . 669
o794 $237 257 260 0459 475 777 243 269 «359 440
791 $236 260 $239 2224 460 776 v243 W27 248 +301
+789 «236 260 . 239 .225 +306 $ 776 243 .270 246 0255
. 790 .235 .259 .239 .225 .195 W776 1240 270 2265 214
$ 769 234 .259 .238 225 2194 776 + 240 .269 P04 «176
. 789 0233 «258 .238 $224 194 $777 241 . 268 2244 «159
787 «233 258 238 o224 «194 176 «239 «26% 243 s 145
« 786 0232 . 257 $238 223 +194 $ 776 .238 2266 L2643 o117
.786 .232 . 257 .238 224 +194 $ 776 .239 .265 263 J116
+785 0232 0257 .238 223 194 <776 .238 +266 263 o117
. 788 233 258 «239 $225 195 778 241 269 208 V160
.78% .236 . 259 2240 226 .293 o778 244 27N 266 +255
794 .238 257 «241 461 476 .781 244 .270 ¢ 260 443
+999 1.003 1,001 1.001 1.001 1.003 1.0C3 1.003 1.002 t.000 1,002
Lower flap static pressures, p/P':’j >
“ Row 1 — Row 2 »
x/xc,l x/xc,l
0.881 1.001 1.079 1.168 0.881 1.001 1.079 1.168
«992 998 +998 999 «999 .998 . 999 +997
0843 540 .523 620 841 536 .533 4630
.839 +530 L6425 .332 «B4S .530 428 4333
«839 *530 424 .332 844 2529 o427 .332
.839 .529 425 .332 .B42 .52R 426 «332
+839 529 424 .332 844 527 426 .331
.839 o529 424 «332 .843 .528 427 .331
$841 +529 424 .332 R4 528 427 .331
841 «528 424 0332 JRG3 528 «4206 331
+840 .528 424 $332 842 «528 426 .331
.838 529 425 .333 841 ' 528 426 +331
.839 .528 h24 .332 841 .527 426 .331
842 2529 425 .333 864 .528 427 0332
842 0529 625 0334 .862 .529 428 2333
+843 4532 627 $335 2845 $531 o429 0334
1.004 1,001 1,001 1.003 1.000 1,001 1.001 1.001

XIaNaddav



GE

Point

OO0~

[
[=)

i1
12
13
14
15
16

P, /Py

t,]
1.001
1,490
2e541
3.535
4.197
2.0¢€9
6.128
6.715
7.268
9,425

10,361
9.444
6.681
4.201
24532
1.000

TABLE IV.- Continued

(c) Concluded

——
0.888 1.008
0998 1.001
« 730 0612
0565 «563
501 591
476 «590
+450 +589
e429 «589
«420 «H89
0412 +589
e392 + 589
386 +589
392 «588
420 «589
0475 «589
«267 «e592
1.002 «999

Row 1

X
/xt,u

1.129

997
573
.318
«318
«317
«317
317
«317
«317
$317
317
«317
319
«320
321
1.003

1.190

«998
0628
e261
e 260
«259
259
0259
«258
e258
0257
0257
0257
259
0261
0262
1.002

1.190

0997
«5R2
253
250
« 250
+250
249
249
249
248
248
0248
+ 250
0252
' 255
1.003

e—————— Sidewall static pressures, p/pt 3 —_—
’

|

3JF$ Row 2
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9t

Point

OO D W -

Point

DNV S WN

P, /P

€,
1.000
1.510
24546
3.510
40222
5.069
64196
6,676
7.279
94354
10.315
9.381
6.682
4227
24526
1.600

pt,j/P,u

1.000
1.510
2.546
3.510
4e222
5.069
6,196
64676
74279
9394
10.315
9.381
6.682
4.227
24526
1.000

TABLE IV.- Continued

(d) Configuration SR4

Upper flap static pressures, p/p

€,
Row 1 L Row 2
x/xt,u x/xt,u
0.888 1.008 1.129 1.250 1.449 1.691 0.888 1.008 1.129 1.250 1.449
+999 «998 1.0G0 999 «999 1.000 2997 «999 1.000 «999 «998
«792 2440 «502 540 620 «679 <786 «400 «506 «558 «635
«795 «237 «258 « 240 2451 496 «778 246 «270 251 oh76
«792 «236 «259 «240 0224 0454 «I77 0245 271 o247 «232
«789 «236 «260 e240 225 +195 £ 2777 0245 271 268 «231
« 791 +235 +259 «240 2226 195 o777 204 «270 245 .230
. 789 «235 «259 «239 0225 195 « 777 «243 269 0?45 «230
«789 $234 258 £239 225 «194 o777 +243 268 . 245 . 230
+788 «234 «258 239 o224 «194 777 241 «268 244 «230
« 787 233 «258 «238 «224 «195 <778 «240 «266 0244 +229
.788 «232 «257 «238 224 «195 777 240 . 265 o264 .229
o787 «232 «257 «239 «224 «195 o777 « 240 «265 0244 «229
.788 .233 0258 «239 .225 196 W778 0241 $269 02653 .231
.788 «236 «259 240 226 «195 o778 « 243 271 246 «231
.793 .237 256 «240 453 494 +780 244 270 £251 479
1.000 1.001 «998 1.000 1.001 «998 1,004 1.002 1.001 1.001 1,000
3 Lower flap static pressures, p/pt j
3 Row 1 St Row 2
xlx o L
0.881 1.001 1.079 1.168 0. 881 1.001 1.079 1.168
+990 +998 1.000 «999 1.000 «996 +999 1.000
«843 «536 «4h9 597 «B42 531 chhh 602
«840 +530 425 332 Bl «529 v428 2332
«841 «530 «425 «332 «B44 «528 027 331
«840 529 h26 +332 842 528 «426 331
841 529 h24 «332 «845 «527 426 «330
8641 $528 Wh24 0332 o844 528 «h20 «331
«B842 «529 Lr4) 333 oBhb «528 2426 «330
«843 «529 0425 +332 «843 «528 + 426 «330
+ 841 «529 425 333 843 528 427 +330
841 529 o425 #333 842 «528 427 331
«841 «529 «425 «333 +B43 «528 b2 ¢330
042 «529 k25 «334 BG4 528 427 «331
842 e529 b24 «334 o842 +528 427 332
+844 531 426 334 oBh4 +530 429 +333
1.009 1.002 1.001 1,001 1.000 1.002 1.001 +999

XIaNAddv
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TABLE IV.~ Continued

(d) Concluded

Sidewall static pressures, p/pt i o=
2 Row 1 Syl Row 2 >
X/Xt,u X/Xt,u
0.888 1.008 1.129 1.250 1.371 1.250 1.371 1.510 1.630
+ 999 1.001 «997 « 998 995 «998 . 097 «998 « 999
o724 o604 +453 06008 44 564 «608 0651 0673
0564 «596 +323 214 «344 «235 +395 0463 o462
0902 »597 0324 214 o261 «236 «?26 «276 «365
« 473 0596 «324 214 «191 « 237 223 211 0239
« 450 «596 «324 214 «1R2 237 «222 210 « 193
«428 ¢596 «325 .213 182 «?37 222 210 187
0420 «596 «325 0213 «182 «?237 222 «209 0186
.413 0596 $325 2213 J121 «237 0221 <209 o186
0393 .597 -325 0213 01a1 '237 022', 0209 0187
« 386 + 598 0326 «213 »181 «237 220 «209 187
393 «597 0326 213 o181 237 220 0209 «187
0420 +59¢ 0326 o214 «182 «238 0221 «210 0187
o473 «596 «326 215 0192 238 «?222 «211 «239
567 «596 +326 «215 349 «?36 +«391R 466 464
1.001 1.000 1.002 1.001 1.005 1.001 1.005 1.000 1.000

XIaNAIddv



8¢

Point

CONONMSEWN-O

Point

VONCVMPWNHO

Pt’j/p,,

+999
1.517
24483
3.520
40168
5.115
64174
6.674
7.271
9.371
10.241
9.318
6.715
4,159
2,503
1.002

pt‘j/pm

999
14517
244E3
3.520
4,168
5.115
belT74
6,674
T.271
9.371
10.241
9.318
6.715
4.159
2.503
1.0C2

TABLE IV.~ Continued

(e) Configuration SR5

Upper flap static pressures, p/p

£,
< Row 1 .3 Row 2
LA x/x
0.888 1.008 1.129 1.250 1.449 1.691 0.888 1.008 1.129 1.250 1.449
«998 1.000 1.003 1.002 1.001 1.004 1.009 1.000 1.002 1.00? 1.005%
« 798 462 «513 548 631 o684 $ 792 ch48 <511 564 672
0796 «240 «259 0240 1468 «479 «782 « 2649 271 «256 466
« 794 239 261 241 0225 I-L 779 o248 «273 «248 331
. 795 2238 +260 «240 $226 .321 .778 02648 0272 s247 «260
793 237 «260 2240 v226 «194 «778 2246 272 « 246 «224
«791 «236 «259 239 225 «195 778 245 270 $245 215
791 235 «259 +239 225 «196 779 244 269 o245 0214
«792 0235 «259 +238 0224 «196 o778 244 «268 245 213
.788 +233 257 »238 0224 o194 77 o241 « 266 0244 «211
+«789 0233 «257 238 224 «194 777 o241 266 o 2hb W211
.787 233 «257 237 «224 194 o777 241 266 0244 2211
«791 0234 258 «238 «225 194 778 242 268 o245 213
o794 «237 «259 «240 0226 321 «778 o246 272 247 260
« 796 239 «257 «238 «h64 470 o779 o246 «270 253 “ 465
1.001 1.000 996 0997 «998 +996 «995 1.000 «998 .997 «995
i Lower flap static pressures, p/pt i >
ol Row 2 >4 Row 1
x/xt’_l x/xt’l
0.881 1.001 1.079 1.168 0.881 1.001 1.079 1.168
985 1.003 1.001 1.002 1.002 1.000 1.002 1,002
843 539 450 +603 846 «540 shb4 +613
837 533 426 «333 847 532 <431 #3135
836 «529 425 «333 <847 «530 2428 »335
«836 529 424 332 0844 529 «428 333
«835 528 ob25 332 +«846 528 0428 »332
«835 528 425 «332 846 528 +427 +332
835 «528 oh25 +333 846 528 «428 +331
<835 528 425 0333 845 528 427 2331
«833 +528 0625 #333 0843 «528 427 «331
833 528 o625 «333 843 «528 o427 #331
833 227 425 «333 «843 «527 «426 +330
838 528 0425 «334 «B4e «528 428 «331
<839 «529 «429% «33¢ «844 528 0429 +333
841 532 427 0334 «B4E «531 «430 0334
1.01% +998 «998 1.000 997 «999 999 997

XIaNaddav
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Point

O XNV LWN O

10

12
13
14
15

Py, 3/ P

999
1.517
24463
3.52¢
4s1¢0
5115
6el74
6.674
7271
96271

v 104241
9,318
be715
4,159
24503
1002

i
TABLE IV.- Concluded

(e} Concluded

0.888 1.008
1.002 1,003
e 725 612
574 «597
503 «596
«476 595
450 535
429 596
0422 « 596
0413 596
« 393 597
+ 387 597
0393 «596
«420 596
o476 «594
571 «595
«998 «996

Sidewall static pressures, p/pt

»J

Row 1 -
x/xt’u
1.129 1.190 1.190
1,000 1.000 1.000
0513 0603 0551
«326 «261 «?52
«326 « 261 «252
e326 0260 252
«326 «260 +251
«326 .« 259 0251
0327 aZbO 0251
0327 0259 +250
0327 0259 0248
0327 -259 0248
0327 0259 0249
«328 +260 «250
«328 0261 +252
«328 0262 v?253
1.000 1.000 1.001

1.250

398
571
259
238
238
0238
239
238
23R8
0237
237
237
239
0240
«352
1,002

1.371

1.002
630
414
286
241
0220
215
214
0213
212
212
0212
214
241
410
«999

XIGNEddvY



APPENDIX

TABLE V.~ COMPUTER PRINTOUT OF RATIO OF INTERNAL STATIC PRESSURE TO JET

(a) Configuration W1

TOTAL PRESSURE FOR WEDGE NOZZLES

ol Flap static pressure, p/pt i =
s
Row 1 > - — - Row 2 -
x/xt x/x,
Point P, J/pm 0.851 0.954 1.012 1.056 1.076 0.851 0.954 1.012 1.056 1.076
s
1 1.GU0_ . 1.002 T .996 _ o T1e000 . 1.000_  _1.000_ .998 ___ J997 1,005 _ 1,017
T2 . _1.516 _ .939 .805 .531 V5CE +599. 0542 572 WRO7 ey
37 T1.999 .938 .808 381 .307 «400 2380 __ 4573 .804 Y
4 T 3.014 .936 .807 .382 L35 .212 . 384 o571 .902 e
5 3,467 .937 .806 382 .31¢ .312 381 7 .571 .802
6. 4.009 .934 .805 .382 $31¢ .313 .383 _  .571 .802
1 4¢551 . .936 _+806 _+383 »3C6 #313 _ «383 ___ L.571 2803
T8 5542 .935 .806 2344 .04 +314 365 WAD2
.935 .805 .384 .309 316 0365 L8027 938
.936 .80 .385 2310 $316 £ 387 573 .806_ _ ,93%
<936 +805 <386 «311 »319_ 2 3E8 L5785 _65.868 0939 _
.936 .805 _+386 .311 .31€ .38  _.575 .801 .935
«936 _ _.8Q09 .385 0310 _ . 316 _ 4367 _ _.575 _ <798 2930
L9349 o808 .384 311 3L L3646 W574 2796 T J9ze
.934 .811 .384 .311 .314 C3E7 _.574 .795 T 925
1935 613 - .383 W365 . J3EE W33 o576 L7968 ,923
.990 1.005 4998 1.000 .999 1.00¢ .999 1,003 .994 T
r-(-—— Sidewall static pressure, p/pt 3
s
x/xt
Point P j/pm 0. 886 1.035 1.264 1.430 1.601
s
177 3.0c6 1,000 _
2 1.516 . _s9Q7

_ 2910

40




APPENDIX

TABLE V.- Continued

(a) Concluded

Wedge static pressure, p/p, 1
»
e Row 1
x/xt
Point P, j/Pw 0.817 0.920 1.012 1.029 1.082 1.158 1.251 1.396
1 1.GC0 . . .998 . 1.000 1.000 1.000 _ __ ,634 .999 0,000 _
2 1.516 «936 . «B893 o415 + 466 _e526 +664 2,000
3 1.999 .940 .889 .356 274 .96 .519 0.000
4 3,014 . 4940 892 360 276 0 T ,224 .88 0.000
5 3.4e7 . .939 .890 .363 L275 L20¢ .32e 0.000
[} bet «9540 <890 +363 2274 2L 199 . h.0N0
Y B _ .939. _ .889 .362 2272 . W22% .ca1 L0,000
] Sebé2 «939 «89C «361 272 «226€ 16?2 D.0n0
g Telea W Q3K svBE «358 «270 | 225 _ .93 0.000
10 be?30 +938 JAge «358 «270 224 963 0.000
il Luelcu C.93% ewg .358 L269 _ .224 L0954 9.009
12 Batey 337 anag .358 .270 _ _ .225 N94 0.000
_13  __5.547 _ _,039 .92 .362 272 L2217 .c93 0.009
14 Geiid 230 ceal . 364 .273 —.226 .191 _ 0.000
15 30001 4939 597 +359 .273 T .226 .394 0.00M
e 2,00y .30 CoLeeR .354 273 .287 o1t 0.000
17 1.000  _ 1.022 .995 1.000 1,000 ~ 1.00? 1.00C ~o0n9
L< Row 2 } Row 3
x/xt x/x
Point P, j/peu 0.920 1.029 1.251 1.396 1.737 0.920 1.029 1.251 1.396 1.737
1 1.006 .999 998 " <996 .999 1.601 __ .998 1.000
2 WB97_ “454 677 _ .889 o466 oy .682 .677
.3 +898 +260 0512 _ +.883 «260 . «910 «521 « 219
4 896 .260 340 .880 264 L% L334 ‘372
s .896 .263 . .270 .880 JETe .330 .282 L277
6 .893 204 __ «324 «877 PR «?201 «358 +286
7. B .893 L2064 .323 .879 .255 004,363 +304
) .892_ .262 — .182 WR79 285 L Aas T 161 12
.9 +£30 w262 «096 _ «879 «2h13 «095% _e115 «200
io ,ana .20l 042 .A78 L7262 .096 .087 «143
11 _ .Rea L2614 .041 .879 V752 .097 048 V117
12 T .eea L2062 L _.042_ .879 V762 .097  .087 o145
i3~ B L890 W263 .183 _ T.meq YL 095,158 .113
14 T Jean .2¢4 329 679 T3] <192 .370 7 o303
15 T . sac L2060 0347 .Re] YV +399 .35%1 .377
16 800 .259 _epil JEES L2573 519 .521 o517
g .99 1.001 T.o1 1.002 1.001 999 1.002 1.000

41
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0 !

Point

42

L R R A

2.0C6

1.0C0

pt,j/p°°

1.000
1.512
1.9¢&8
3.017
3.521
4,03y
44550
Se5%0
7223
8.639
9.9E3
B.743
5.6C4
4,046
3,604
2.006
1.000

APPENDIX

TABLE V.~ Continued

(b) Configuration W2

— Flap static pressure, p/pt i
»

- Row 1 {
x/xt
0.851 0.954 1.012 1.056 1.076 0.851
1.006 l.002 1.002 1.00C1}
.939 419 .597 60C
«9386 o382 W 405 408
«936 «382 «309 312
937 «383 <309 «313
«935 «382 «309 «314
+936 +383 «3069_ +314
.93 «384 +308 314
$936 <385 «309 $317
.935 .385 .309 .317
.936 386 «310 .318
«935 «38¢ +310 «317
.935 .386 +309_ .316
«934 «385 .310 .316
«934 « 799 «572 «384 «31C «314
L9346 .801 572 .383 +37C .381
.993 .996 2996 .997 .999 1.00¢C
Sidewall static pressure, p/pc 3
x/xt
0.886 1.012 1.089 1.226 1.430
D 2.0602. 14005 _J.u00 1.002 1.000 '

.908 536 .65 .663 .670

+910 0529 . eble€ « 5G4 o512

0912 +530 3686 .332 4344

911 530,246 285 .282

912 «530 + 199 0249 272

_ .91l D529 _e167 _ 221 .297

+911 + 530 w120 «179 «170

.911. ¢529  _.Q88_ .139 .079

L9G9 .529 L0818 o113 L0686

.910. .529 .068 .100 .068

.909 .116 .068

_ .179 .151

e 247 2177

} .333 +346

908 o 1 .498 .510

. 999 .99% 1,000 . 999 1.001

0.954

1.001
«526
«3b3
«364
«382
<384
+385
«386
«386
« 387
«3b6
«3b6
+385
«383
+385
.382
. 996

=
Row 2 —
x/xt

1.012 1.056 1.076
~1.002_ 1,012 1,027
.578 P12 .954
577 07 L9486
.573. LROS 945
572 804 .943
. .5173 .8n5 944
N 273 . 2805 962
573 .ROS5 942
573 L9013 2940
V574 .8n5 .939
W575 LROG «930
o574 RLY .935

_e512 2798 929
W574 L7964 .925
574 .794 922

W57 .74 .916

.997 .97 $971 |



APPENDIX

TABLE V.- Continued

(b) Concluded

= Wedge static pressure, p/p: 1
s
< Row 1
x/xt
Point P j/pm 0.817 0.920 1.012 1.029 1.082 1.158 1.251 1.396 1.567 1.737
s
1 l.000 1.000 +997 1.003 1.004 . 1.002 1.9%00 1.003 9.000 . 999 1.9CC
2 1512 941 «892 +392 466 «504 «568 o682 2.000 «h78 +683
3 l.9ol « 342 «887 +355 w272 308 525 «522 N.rnn .524 527
4 3.017 £942 892 «363 275 «226 « 282 «389 2.990 +355 +3806
5 3.521 «940 +889 +365 277 227 $152 .322 0712 .372 2272
6 44035 «941 «B30 «364 275 227 «153 +194 N.nan 211 « 299
7 4,550 _ .940 W8RE .367 273 _ | _W2?77 .156 £091 0,099 152 W3z4
8 5.5%6 «940 <890 «3€0 271 e226 «155 «092 .72 «339 s11l
? Te2c3 «930 +88H «356 « 270 «22% «156 «093 Q.000 «14¢€ 190
10 8.839 +938 <888 +355 «2E9 224 <156 « 094 n.010 «101 «137
i1 J.9t3 +938 .888 «354 « 268 o223 2156 <094 7.000 +061 o115
12 84743 «937 «889 «3t4 2pb o223 «156 «0N9¢ 0,071 102 LT
13 5.6C4 .939 891 .358 L2710 W72 156 .092 n.nnn .351 .113
14 4,046 «340 «892 362 272 o226 «155 «175 n.0nn «210 «334
15 3,004 «941 <893 «357 272 o225 +2B0O +391 0.009 «36C «3t9
16 2.0 «941 .889 351 «270 «29C «520 W 518 0.700 521 923
17 1,000 1.000 1.001 .997 2995 L99R_ +999 . 996 n.end 1.001 1.000
| Row 2 ,‘ Row 3 \J
x/xt x/Xc
Point P, j/pm 0.920 1.029 1.251 1.396 1.737 0.920 1.029 1.251 1.396 1.737
s

1 1.000 1.001 1.002 . 1.001 _1eGUN 1,002 1,000 1.007 1,003 1.000 1.200
2 l.512 JRG5 «450 670 6569 <890 o478 «6€E7 «FB6 2679
3 leGby «896 «260 «514 512 «8P1 761 £ 26 524 w222
4 3.017 «AGF 2260 «378 «351 «RA76 «?256 «395 «337 «38a
5 3.2l «PQ2? «263 «330 «305 «A75 269 323 2686 264
6 4,039 <694 264 .209 .269 «872 <268 +195 366 e3L¢
7 4.550 .894 264 _ .089 L2460 874 1Y $09¢ 364 .316
8 54566 « 892 «263 «089 + 18P «+B73 265 « 95 o1F6 «111
9 7.223 «R91 262 «090 .165 872 763 096 114 192
10 84839 6889 «262 «091 123 «B70 o ?AR2 .na7 «094 139
11 9.9€3 .888 $261 2091 2106 869 761 .097 .051 . 116
12 8.743 +889 262 «091 «125 «870 «?61 « 097 <095 «142
13 . 5.604 +890 «263  _.090 . el85 «873 266 «095 0151 113
14 4,046 «R90 .263 .187 AL .872 $266 .176 .382 +333
15 3,00 «892 «258 _ .383 «353 «875 762 «39P 343 +«366
16 2.000 802 .258 513 _4507 _ .879 .257 L1519 #521 +518
17 leviu « 996 «998 __s999 998 2997 AL +998 1,000 1l.000




Point pt,j/Pm

ol . 999
2 lebie

3 2.0C5

4 3.0¢3

5 3.526

6 4aL32
o7 4,560
o 5.61%
9 Te1€7
19 teb32
11 10.242
12 8,801
13 50611
14 4,405%
15 3,024
le 2.00L0
17 lettl
Point pt,j/pm
1 « 999

2 1.522

3 2.0CH

4 3,023

5 3.5¢6

6 4,032

7 4.560

8 5.615

9 7.167
10 Beb32
11 lve242
12 £.8C1
13 5.611
14 4055
15 3.024
1o 24000
17 letLd
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APPENDIX

TABLE V.- Continued

(c) Configuration W3

- Flap static pressure, p/pt i >
s
Row 1 P Row 2
x/xt x/x
0.817 0.920 1.044 1,158 1.260 0.817 0.920 1.044 1.158 1.260
1.006 1.003 1.003 1.004 1.002 l.u04 . 14602 1.005 1.002 |
947 2918 357 «63€ «G467 912 «58R + 3472 .638
0945 «Q18 592 «355 sbfl 9467 909 +£89 +361 b4&1C
.942 .912 4591 .357 R4 .945 W50Y .586 L3672 .789
2943 Q12 _e590 «355 o284 $Q4b 07 586 «361 +?290
s 94l «912 _e590 «355 «2R2 «944 «308 587 +« 340 +29¢C
L942 2913 4590 '354 .280 .944 W96 2586 .369 JPER
«341 911 «599 354 «276 « 944 .e906 «53¢ «358 «2RA
«940 «910 589 +353 276 «943 2967 «587 «357 «286
«339 L) +S5RY «352 o272 901 +903 2548 <354 «295
«939 «909 +590 353 270 +941 «905 +588 «355 «295
«937 «Q06 «5R9 «352 «271 +939 «304 «tob «355 292
.939 911 4590 _ 4355 276 942 906 __ _ 4589 L3854 278
2940 +913 «591 +356 o279 « 343 «907 591 « Y40 + 289
.94 .Q12 459G .357 .28¢ .944 .9C4 .589 L1647 L2946
«941 <915 +590 «354 480 «945 «906 «5G1 « 361 o474
.993 0999 4992 +996 .996 .968 990 .99¢ .,008 .908
Sidewall static pressure, p/pt 3
»
x/x,
0. 886 1.035 1.264 1.430 1.601
-~ 1.0v0 1,005 1.003 1,001 1.001 "
.918 J566 642 .664 . 666
+910 «567 4T7E «508 «511
«920 «567 « 302 «350 «362
«921 «566 «301 318 284
920 +FES 297 2229 270
_.920 V564 4295 W192 .267
«920 2564 +291 «157 «195
.919 .561 .283 . J112 .121
w916 .559 _.272 .093 .086
+915 «557 «261 +087 «070
V915 WE56 J261. .090 .085
917 +559 _e2ts” .l62 .198
«91R «f€1 2267, =235 «277
+918 «561 .267 +357 «372
L9517 +560 .479 .511 513
1.009 « 994 «997 «999 1.C00




Point

DD N NP WN

Point

OCO~NGU S WN -

pt‘j/pm

« 999
lebee
24005
3.023
3.5¢6
44032
badtu
5.€10
7.1¢7
sebid

10,242
ce.tULl
Yebll
4aLLY
3.024
2,000
lauLl

pt,j/Pu°

«959Y
lebi?
24005
ERYTTE)

«L26
4.G32
4.t6u
5.615
Telt?
B.032

10.242
BebC1
S5.611
4.055
3.024
24000
leULL

APPENDIX

TABLE V.- Continued

(c) Concluded

< Wedge static pressure, p/pt 3 3]
»
= Row 1
x/xt
0.817 0.920 1.012 1.029 1.082 1,158 1.251 1.396 1.567 1.737
+999 1.096 1.011 1.006 1.C03 1.0C3 1.0900 1.001 1.000 lavCi
947 910 473 «413 426 «632 Wh&T W £78 673 677
«946 « 905 $4?77 $4l2 «425 «330 «4RR 527 522 eH22
e 945 «907 «483 chuy 426 334 $26% « 465 431 o325
e945 9us s4TR « 408 425 »333 264 «279 «259 «3Ey
944 «90% a4 «4C7 424 332 2264 «?31 311 «21¢
«743 «902 «a72 «406 423 331 263 172 +3GS « 230
Q42 «905 YL 2405 «423 «329 «263 145 «177 2317
«94l «902 464 I «4213 327 263 Jla6 092 243
939 «899 «459 «400 421 323 «263 148 2051 «13d
«938 897 o455 397 h21 «3cu «264 <150 049 VYD
937 «897 456 398 v421 e322 264 »149 069 . 095
940 «903 461 c4aL2 423 «328 266 147 183 331
2943 «904 Y1 +403 42t 321 267 $22% « 340 #2G3
«943 +Q0% 472 « 404 2427 332 «266 o7 «4CO 317
«945 «930 T3 <406 424 «327 498 «529 «525 253
1.000 996 «GBE « G692 _ 997 : « 998 _ «999 _ « Q09 1.0CC 969
Row 2 > Row 3 }
x/xt x/xt

0.920 1.029 1.251 1.396 1.737 0.920 1.029 1.251 1.396 1.737

1.C00 1.001 1.003 1,001 1.0C1 1.005% 1.004 1.0Cc1 1.000
910 +393 sb4l 663 905 «396 €50 $ 674 « 673
211 «392 482 «535 .RG8 «394 492 523 «215
Q10 397 «20606 337 <795 104 «26P $450 «317
+913 397 264 «307 L . 398 + 268 327 «379
909 +396 264 «260 «896 3097 767 «234 «211
908 395 2264 _ _e212 894 «295 «?266 .182 229
«907 394 «261 «231 +805 « 394 265 +151 «3ue
«905 «394 «261 «174 204 »372 «265 «147 «232
. 9C2 «390 260 sl44 «891 379 766 s 146 +«095
«901 .388 2260 o110 2891 «285 « 769 «l47 « 095
900 .389 2261 «135 +890 LY «2¢7 148 .136
904 +390 «263 ~ . _e233 «893 «3R9 e 267 2159 «326
. 906 «393 «265 __ 248 « 894 391 «268 e224 «201
«907 393 «206 336 +895 «293 «26P $452 +309
Q08 .388 481 _ 4507 «R9Q « 379 <500 «524 «517
.999 +998 997 _.998 «99¢ 905 905 999 .999
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Point

OONC VS WN

pt,J/pm

+999
l.4¢3
2.015
2.993
3.512
4,042

RCTYS

£.602
7.237
84850
9.99%0
8.815
5.5%0
4 GEe
24999
2,011
1001

Pt,j/pcg

.999
l.483
2,015
24963
34512
4,062

Z_4s6lb

5.602
7.237
8.856
9+9%0
84815
5566
4e0b4
24969
2.011
l.9C1

APPENDIX

TABLE V.- Continued

(d) Configuration w4

Flap static pressure, p/p

<
t,j
Row 1 Row 2 -
x/xt x/xt
0.817 0.920 1.044 1.158 1.260 0.817 0.920 1.044 1.158 1.260
1.006 1.7275 1.003 1.003 1.C01 l.00¢6 1,003 1.002 1.003 _
«950 «921 «364 «655 . 949 922 «588 <362 666
0947 «929 +355 W 479 «945 «910 «588 «2A1 e471
e 942 +913 357 «2F1 «965 L2 «585 «367 «314
°943 214 356 »281 «946 «9C7 «585 e 362 2342
«941 «915 +356 «279 «Q44 .9C8 «260 311
942 .17 .355 278 L9644 CL9c7 566 . 349 4301
«941 +913 «354 o275 «943 «3C3 «586 +359 «261
+941 .911 .353 272 .942 907 58E .58 . .285
« 940 910 +353 «270 «942 «Il4 «58Y 356 274
«939 <919 «354 267 «941 <90y 4980 «?55 271
«939 . 9N9 +354 «268 2941 04 +589 +355 _«273
.939 .91t .355 $272 .941 906 .588 .354 278
«938 «912 «356 «275 «943 «906 +589 «362 o281
«938 «910 «357 o275 e 943 « 904 <588 « 282 285
940 .9113 +353 417 .43 “904 +586 360 L4ET7
«994 +994 «997 «99¢ «969 «996 997 + 99" 0997
Sidewall static pressure, p/pt,j
x/xt
0.886 1.012 1.089 1.226 1.430
12063 1,004 1,003 1l.uw0 1.¢00
.920 .658 .435 609 .683
.521 J651 .433 347 .506
2922 . 649 .433 291 .357
.920 .648 .433 e291 .32¢4
.921 648 L4332 _.289 .238
C_e921 . 667 2432 4288 196
.920 667 431 .28 .163
2919 L645 W431 . .285 .112
$917 L84k T .430 | .284 .G90
L916 642 092
_.916_ 641 .92
T el L641 .163
917 $641 .237
. .918_ .640 +360
«914 o641 +509
$997 _ +994 14000
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Point

Ve NV SN

APPENDIX

TABLE V.- Continued

(d) Concluded

Wedge static pressure, p/p

1]
L‘ Row 1
x/xt
Pe j/Rm 0.817 0.920 1.012 1.029 1.082 1.158 1.251 1.396 1.567 1.737
s
I 1.001 998 1.004 1.004 1.001 1,000 1000 LR L] «909 1.001 !
L.463 +952 «905 478 «413 427 473 -1-1 n.n0Nn 688 «694
2.015 951 «901 a76 h12 426 «328 «%A5 N.090 +«519 «519
24993 «947 «Q04 «461 s 49 427 +333 266 0.000 446 «337
3.512 2945 «902 4?79 «@08 2428 +33¢ «265 0.N0N . 259 398
4au42 «946 «933 477 <400 42t «332 «265 0.009n «325 «2(9
4,610 964 .901 .475 406 4?5 V321 0265 2.n0n 285 .232
5.6C2 +943 .903 aT2 V4Ch e26 $3e9 266 8.00n0 J18C «3lo
7.227 942 .901 L 4bR .403 623 L3206 263 0.000 084 .237
d.850 2940 699 Y . 399 522 .323 264 0,000 056 o134
9,956 .938 897 459 . 396 422 £319 .265 0.0N0 £049 W09 _
Bakin .93R .898 459 .396 422 .32l .e265 n.0N00 <049 05y,
5.596 _.940 .902 L6E4 400 624 326 _e265 0.000 .182 337
P .943 <903 J4E7 402 428 +329 .267 0,000 364 20U
2.999 -y .905 671 202 427 .331 .268 0.n00 424 .317
24011 .47 901 b5 $ 402 «425 324 e9¢ Q.09 +522 +220
14601 .998 1.002 «995 $995 +998 $999 _ «999 2,000 1.001 999
[ Row 2 b Row 3
x/xt x/xt
P, J./pm 0.920 1.029 1,251 1.396 1,737 0.920 1.029 1.251 1.396 1.737
+ 949 +999 1.002 1.002 1,000 1.001 1.000 1.004 1.C02 1.000 1.000
le4b3 «9132 «395 652 1684 632 +909 «397 665 +6RG « 690
24010 «913 «394 78 +510 +505 +900 +396 «48°% «520 512
249653 <910 «397 «26¢ o 4u1 «358 «RQK «390 $267 bbb . 330
3.012 £906 «396 w264 .328 «309 « 897 +39A 267 «330 «387
4,042 « Q08 «396 264 £ 227 $270 «£96 «297 + 266 «232 «209
q4.tlb +909 .395 263 168, .219 .897 «395 265 L1768 .231
S.60L2 «907 «393 «261 «137 «207 « 296 «294 «?65 «152 «308
7.237 «905 «391 «259 .136 <150 896 +391 0265 «148 «240
FY-3-7-3 +903 +388 «258 o136 114 + 094 «3R1 o266 o147 +088
9.966 «RG9 «386 «256 $137 s10C «891 <284 268 147 » 099
B.815 «900 «386 «257 +13R +113 «892 395 o268 =149 2135
5.596 .9n2 .389 .260 W14l _a218__ . 894 .38% L e267 .156 $329
4euis +903 391 261 221 w267 «AQ4 «399 +267 225 «201
24999 +905 «391 2262 «413 «351 +894 » 392 « 267 314 «311
2,011 <906 387 478 512 +505 +896 387 493 522 «51i4
1.001 1.000 «996 +996 1,000 «997 «996 « 9095 « 995 1.000 «999
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APPENDIX

TABLE V.- Continued

(e} Configuration w4 (G20)

Upper flap static pressures, p/pt P TN Y - Lower flap static pressures, p/pt’j
,
x/x, ®/x,
Point pt,j/p“’ 0.749 0.880 1.045 1.143 1.245 0.778 0.936 1.041 1. 140 1.255
1 2999 1.003 «997 1,001 1.002 1.002 1.001 1.006 1.001 1.002 1.002
2 le514 «949 « 934 «570 355 2637 «950 +901 +596 «274 «030
3 2.010 2949 +934 «569 «353 477 «949 +899 «594 «374 2475
4 3,043 «947 «931 «56R «357 275 +949 +885 +594 «37R «279
5 3.517 «948 «932 +568 «3586 «275 «950 889 «594 «377 «279
6 4.072 947 «931 +568 356 274 2949 «890 +594 +376 «279
7 4561 « 947 +928 568 355 274 «948 +887 «595 «376 $277
8 5.619 »947 +931 +568 «355 «273 2949 «889 «594 «376 2276
9 Te177 +948 +931 +569 «355 «272 «948 «889 «596 <375 276
10 9.258 « 946 +930 «569 +355 272 2948 <888 «596 +376 2270
11 7.154 «949 +932 569 «355 $273 «948 889 «596 «376 217
i2 5.607 « 948 «932 «569 «356 273 2949 +890 +596 376 o277
13 4,050 « 947 «933 «569 +356 2275 «949 +890 4596 «377 0279
14 3,014 LY +9313 2569 357 #2775 +350 «891 +596 +379 279
15 1.990 948 937 «568 352 «481 «95C «887 «596 «373 479
16 1.001 «995 1.001 999 «997 «999 1.000 «994 1.000 +998 +994d
- Sidewall static pressures, p/pt j -
Row 1 Row 2
x/xt x/xt
Point pt,j/pw 0.890 1.034 1.144 1.264 1.440 0.890 1.034 1.144 1.264 1.440
1 999 1.002 1.001 1.001 1.001 1.000 1. 001 1.001 1.000 1.000 999
2 le514 «916 «536 0496 « 626 + 668 «%11 +580 +346 o665 671
3 2.01¢ «916 535 *341 +483 <509 «914 557 345 479 512
4 3.043 «917 «533 342 «261 2342 «912 «551 «348 +263 »339
5 3.517 «917 «535 . 342 e 260 +333 «915 «551 «347 +260 «333
[} 4.G72 «917 «534 341 «261 «239 «914 +550 «347 258 0246
7 he5¢1 «917 o534 e341 2260 +199 «916 «550 «347 «258 «204
8 5.619 «916 «534 «340 +259 «153 « 914 «549 «347 0257 «157
9 7177 «916 «535 » 340 «259 « 109 «914 o552 «346 257 o112
10 9.258 « 914 «53% «338 «258 +«083 «911 553 346 «256 .08
11 74154 .916 534 .340 .258 .109 .913 o552 0347 .257 .112
12 54607 2916 +534 +341 259 «153 «915 «551 348 o258 +158
13 4,050 .917 .535 <343 .261 $242 «915 e551 <349 .259 .250
14 3.014 .915 .535 .344 262 .342 .914 V551 +349 .264 .341
15 1.990 « 914 «536 342 «450 «516 e 912 555 «346 <487 «517
16 1.001 .998 <999 1.000 1.000 .999 .998 1.000 1.000 1.000 1.001
48




Point

CO®E N NS W

Point

OC®NC VS WN -

Pe,i/Pe

+«999
1l.514
20010
3,063
3.517
4,072
4.561
54619
7.177
9.258
7.154
5.6(7
4.050
3,014
1.990
l1.001

"c,j"’m

2999
1.514
2.010
3.043
3.517
4.072
4561
5.619
7.177
9.258
Telb4
54607
4.050
3.014
1.990
l.001

APPENDIX

TABLE V.- Concluded

(e) Concluded

Wedge static pressures, p/p

(%]
=3 Row 1
x/xt
0.817 0.920 1.012 1.029 1.082 1.158 1.251 1.396 1.567 1.737
1,002 997 1.003 1.001 1.001 1,001 1.000 1,000 1.001 1.001
947 902 474 LYY 421 449 651 679 676 2682
944 .898 673 <403 .421 .325 «505 %25 o521 .520
«943 °902 477 401 424 .330 266 £ 469 404 .301
943 «899 476 . 401 0423 329 265 «332 245 «395
942 «901 k75 +400 422 «330 <266 .218 +336 .207
941 .899 473 +400 423 329 $266 164 .303 226
940 +901 471 + 400 422 .328 . 265 .140 «185 2327
<940 +900 470 +399 0423 .326 .265 o141 «084 246
.938 .899 467 .398 L423 327 .266 .140 .057 o123
2940 +900 469 +399 424 .329 .266 .161 . 085 247
2940 $903 471 «400 424 «330 .266 «140 .185 .327
941 +904 4T4 . 401 424 «331 .267 2221 »334 210
942 .906 475 402 426 .331 .268 467 429 $3186
. 943 902 +470 «403 .423 .325 .517 531 526 525
.999 1.003 .998 1.000 «999 «999 1,000 1.000 1.000 +999
| Row 2 »t Row 3
x/xt x/xt
0.920 1.029 1.251 1.396 1.737 0.920 1.029 1.251 1.396 1.737
.997 1.004 +999 1.001 1.001 1.003 1.003 1.000 1.001 1,000
«905 «404 «bla «678 667 «907 «392 «651 675 «676
.907 402 .482 .520 «505 .901 +393 +508 .519 ¢513
+907 +398 .255 426 L3486 .898 «39% .269 447 - «301
.908 .401 256 <333 +310 899 .396 271 4330 «405
«906 402 .256 234 0264 <899 «397 .270 226 +200
«907 »401 $255 .178 .16 «901 <396 .271 173 .218
+90% «400 255 134 0212 .899 +395 .270 .147 +301
+905 .400 .255 .132 .151 .902 »395 «270 142 .232
+901 «399 0254 +129 «109 .900 +395 .269 .137 078
+«904 «399 255 <131 153 901 »395 «269 e 162 «233
+506 +400 +255 «136 212 «901 .295 .270 0147 «300
«907 0400 +257 .235 265 »901 «397 .271 .228 »204
«90A8 +396 257 425 3564 900 +396 .270 465 +315
+910 +398 691 .525 .510 +900 «392 .521 524 . 5186
1,002 «996 1.000 «999 .999 996 .998 «999 +999 1.000
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Sta. O Sta. 52.07 Sta. 10447
Flexible seal Transition Sidewalls
le—10.157
15 gap {metal beliows) Choke plote Total - pressure ’)1
2075 rad. }‘\ yAirflow ~Balance probes
p—
—_—
NN -5 4
e \ iy = TN 5 j
— T o . — a R _
* o T =
VDR VNN Total-temperature
il J Seals probe
Airflow .
Inst t
8 equally sp‘a‘ced g&?&emo ion flaps
30 percent nozzles exiting
of chord radially
40 percent
of chord
5.percent thickness ratio parallel
to model centerline 30 percent . . . L
50.80-cm chord of model Ao\ of chord 45 Tz;"i‘:;ns:iﬁgg" ahead T¥p‘°°Pt.se°?'°'1t.'”
center line v W " ransition section
Total-temperature S Tg:'g‘b-epsr essure
probeN
SRS

Typical section in instrumentation section

Figure 1.- Sketch of air-powered nacelle model with typical nozzle configuration installed.
All dimensions are in centimeters unless otherwise noted.



i—(————xe = 11557 —

7.066
hy - 2.748 |4C3 (&€ |acCl [0

1.21°
¢ {

[—
-

Configuration Ay, em? A, cm? p, deg.  Ag/At AR Xg

cl 27.911  30.3%0 L21  1.08 3.696 11.557
2 1 l l 1 9.398
c3 7.239

Configuration C3
L-79-155

(a) Configurations C1, C2, and C3.
Figure 2.- Sketches and photographs of nonaxisymmetric convergent-divergent

nozzle configurations showing important dimensions. All dimensions are
in centimeters unless otherwise noted.
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b »

»

Configuration C4

7.066

Configuration At' cm2 Ag, cm2 p, deg. Ae/At AR Xg

c4 27.911  50.155  10.73  1.797 3.696 11.557
c5 l l l l 9.398
cé 7.239

Configuration C6
L-79-156

(b) Configurations C4, C5, and Cé6.

Figure 2,- Continued.
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Configuration C7

Configuration C8
- .89
P N ——

Xg = 1L557

va

3.048 h, - 4.938 B h, - 4.938

Configuration A, cm2 Ag, on? p. deg AeIAt AR
[} 27.911 50.155 10.73 1797 3.6%
c8 ' 1 1 t [

J L-79-157
(c) Configurations C7 and C8.

Figure 2.- Continued.
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Configuration C9 Configuration C10

i 11,557 > 10.089 >
,, T
4"’323"" £>
. h, = 4.938
. hy = 2.748
‘ 7.066
7.066 14.25°
L—x, . 5,779 ——> th = 5,779 —
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(d) Configurations C9 and C10.

Figure 2.~ Continued.
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(e) Configurations C11, C12, and C13.

Figure 2.~ Concluded.
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(a) Configurations SR1, SR2, and SR3.

All dimensions are

Figure 3.- Sketches and photographs of single-ramp expansion nozzle

configurations showing important dimensions.
in centimeters unless otherwise noted.
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(b) Configurations SR4 and SR5.

Figure 3.- Concluded.
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(a) Configurations W! and W2 with and without vector flap.

Figure 4.- Sketches and photographs of wedge nozzle configurations showing important dimensions.
All dimensions are in centimeters unless otherwise noted.
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(b) Configurations W3 and W4 with and without vector flap.

Figure 4.- Continued.
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Flowpath geometry downstream of this
station identical to configuration W4

Confiuration W4(G20)
(c) Gimbal configuration W4(G20).

Figure 4.~ Concluded.
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Ag/A, = 1.089, AR = 3.696, p = 1.21°
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(a) Configuration C1.

Figure 5.- Variation of nozzle thrust ratio and discharge coefficient with
nozzle pressure ratio for 2-D convergent-divergent nozzles. Flagged
symbols indicate data taken as nozzle pressure ratio was decreasing.
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(b) Configuration C2.

Figure 5.- Continued.
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Ae/At = 1.797, AR = 3.696, p = 10.73°
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Figure 5.- Continued.
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(f) Configuration C6.

Figure 5.- Continued.
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AJ/Ay = 1.797, AR = 3.696, p = 10.73°
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Figure 5.~ Continued.
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(k) Configuration C11.

Figure 5.- Continued.
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Figure 5.~ Continued.
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(a) Configuration SR1.

Figure 6.- Variation of nozzle thrust ratio and discharge coefficient
with nozzle pressure ratio for single-ramp expansion nozzles.
Flagged symbols indicate data taken as nozzle pressure ratio
was decreasing. Dashed line indicates values of resultant
gross thrust ratio F./Fj.
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Figure 6.- Continued.
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(Ag/Ap)g = 2.98, xg = 32.21 cm, §,, = 5°
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Figure 7.- Continued.
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Figure 7.- Continued.
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(A/Ay)g = 2.98, x = 28.47 cm, 6
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Figure 7.~ Continued.

(m) Configuration W4(V10).
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Figure 8.- Effect of nozzle geometric parameters on resultant thrust vector angle of nonaxisymmetric

convergent-divergent nozzles. Flagged symbols indicate data taken as nozzle pressure ratio was
decreasing and tailed symbols indicate repeat runs.
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Figure 10.- Effect of several nozzle dgeometric parameters on the resultant
thrust vector angle of wedge nozzles. Flagged symbols indicate data
taken as nozzle pressure ratio was decreasing and tailed symbols indi-
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Figure 10.- Continued.
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Figure 20.- Effect of vector flap angle on nozzle thrust ratio
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(a) Flap static-pressure instrumentation.

Figure 25.- Sketches of nonaxisymmetric convergent-divergent nozzle components showing internal
static-pressure orifice locations. All dimensions are in centimeters unless otherwise noted.
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Figure 25,- Concluded.
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Figure 26.- Sketches of single-ramp expansion nozzle components showing

internal static-pressure orifice locations. All dimensions are in
centimeters unless otherwise noted.
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Figure 26.- Concluded.
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Figure 27.-~ Sketches of wedge nozzle components showing internal static-pressure
orifice locations. All dimensions are in centimeters unless otherwise noted.
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Figure 27.- Continued.
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